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Cont on 


Automatic 
Temperature Controller 


G, the pioneer and largest maker of industrial air-operat; 
controllers, now presents an INDICATING Controller wi: 
the same unique adjustable orifice and other internal constructic, 

which has proven so successful in the TAG Recorder-Controller. 
Some of the features which have made these TAG Controllers the c! 
of industry are 


1. New and improved Round 4. The famous TAG Pilot 
Form Case Construction with 
outside, direct adjustment of i 
setting pointer. which for years has proved 
2. The exclusive TAG fully be the most effective means 
compensated Mercury system, operating a diaphragm-motor valy. 
which makes much wider range 

obtainable without sacrifice of _ 
accuracy, even with tube lengths 5: Competent engineering sery 
up to 150 feet. particularly in the selection 
3. “Swing’’ Control, a most're- the proper instrument and 
markable TAG development 
permitting adjustment to _ suit 
each individual condition. 


Valve, an amazingly simple dey 


of diaphragm - motor valve best 


suited to the conditions. 


Necessarily brief here, these features are 
described in detail in our Bulletins. 
Write for your copies today. 
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SOUTHWARK-EMERY 
TESTING MACHINE CATALOG 
Now Available 


ore [i «nn 


The new booklet and catalogue in 62 pages on the 
subject of the SOUTHWARK-EMERY TESTING 
MACHINE embraces the following principal divisions: 

History of the Emery Testing Machine. 

Complete discussion of the Emery weighing system. 


Notes on testing machine calibration. 


Hydraulic loading systems, hydraulic controls and 


testing speeds. 

Grips and holders. 

A section devoted to recording, including a descrip- 
tion of the electric recording system and electric 
extensometer. 

A brief essay on equipment design. 

The three services; installation, maintenance and 
field calibration. 

Notes on testing in general. 

A description and illustration of each of the 17 new 
models of hydraulic testing machines. 


SOUTHWARK 


FOUNDRY AND MACHINE CoO. 
400 Washington Ave. Philadelphia, Pa. 
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Photo-Electric Cell sorting unit. 


Electric eye cuts sorting costs 


HE Photo-Electric Cell, known as the 

Westinghouse “Electric Eye’, has 
many possibilities for industry. It is a de- 
vice of more than human sensitivity. The 
following is a list of applications that demon- 
strate the _possibilities of this device and 
may help in suggesting other applications: 


It sorts Materials—according to color, size, 
shape, etc. 


It counts Items—where mass production 
requires speed, where products such as 
hot ingots would wear out a mechanical 
counter rapidly, where articles are too light 
to deflect a mechanical counter. 


It initiates Operations—such as ringing an 
alarm to stop a paper machine when a 
break occurs in paper. Starting and 
reversing automatically sheet or bar 
mills from the position of the bar. 


Light Control—for turning on and 


off artificial lights depending upon intensity 
of natural light. 


Smoke Detection—for fire protection. 
Smoke Recording—for saving coal. 


Position Indicator—Safety device, indicating 
position of doors, such as elevators. Posi- 
tion of moving cars through dangerous 
places. 


Light Intensity Meter—for actually mea- 
suring intensity of light for photography, 
moving and still. 


Scans Material—to detect flaws or defects. 


Ultra Violet Ray Meter—for recording 
quantity of Ultra-Violet Ray. 
Very likely there are many practical 
jobs for the “Electric Eye” within 
your works. An instrument specialist 
in the Westinghouse district office near 
you will help you solve your problems. 


WESTINGHOUSE ELECTRIC & MANUFACTURING COMPANY 


NEWARK WORKS 


NEWARK, N. J. 


SALES OFFICES AND SERVICE SHOPS IN ALL PRINCIPAL CITIES 


_ Westinghou 
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The Brown 


AUTOMATIC PLANIMETER 


One of the most important flow meter 
developments in recent years is the 
inclusion of automatic planimetry in 
the Brown Recording Electric Flow 
Meter. This exclusive Brown feature 
automatically records total flow on 
the chart. Any portion of the flow may 
be determined without using a hand 
planimeter. Write for details. 

THE BROWN INSTRUMENT COMPANY 

4482 Wayne Ave., Philadelphia, Pa. 


Bra 


“To measure is to economize”’ 


Brown Electric Flow Meter 


on the Inductance Bridge Principle 


When writing to the above company, please mention INSTRUMENT 
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Boureess-Darr 


Assure the utmost 


URGESS-PARR Calorimeters as- 
sure you the best instruments of 
their kind. They are a product of 
| men, who are considered author- 
| ities in industrial cireles. 
When you purchase Burgess-Parr 
products you are getting the benefits 
of many years of research. You pur- 
chase the perfected products of such 
well known men as Professor S. W. 
Parr, recognized authority on both 
technical and practical problems re- 
lating to coal and gas industries; Dr. 
C. F. Burgess, formerly professor of 
| Chemical Engineering at the Univer- 
sity of Wisconsin and President of 
the Burgess Battery Company, Chi- 
cago and the C. F. Burgess Labora- 
tories, Inc., Madison, Wisconsin. 


Bunéess-Parr Co: 
MOLINE ILI 


Burgess-Parr Company is successo! tothe S 
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CALORIMETERS 
in precision quality 


Thousands of Burgess-Parr Calorim- 
eters are in use by the country’s 
most exacting engineers. The many 
exclusive and patented features plus 
their many benefits to the industry 
are freely discussed in this issue. It 
will pay you to study these articles 
carefully---you will learn some of 
their many advantages they offer the 


science of calorimetry. 


The Bu rgess-Parr Company will con- 
tinue the high standard of service 
for which their product is now well | 


known. 
Wateh for succeeding articles and 
advertisements on these quality in- 


struments. 


COMPANY 
ILLINOIS 


to the Standard Calorimeter Co. 
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This Automatie Time Contro! 


Insures a Uniform Produet 





T! 1E range of service offered by Strom- of 


berg Process Timing and Signalling 
Instruments is practically unlimited. 


The Process Instrument will close Al 


or open a contact after any predeter- 
mined time interval, for which it has 
been set, has elapsed. 

The Automatic Contact Repeater 


can be set to continuously and auto- No ¢ 

matically repeat a contact at any time , N 
interval for which it has been set. N 

: NO 

Not only are these instruments accu- N 





rately controlling the time of heat treating 

in the manufacture of rubber, moulded in- 

sulating materials and steel products, but 

they are widely used in enamel and japan 

baking, in starting and stopping motors, Ex 

in plating, and in many other processes | 
Hundreds of applications could be 

listed and new uses are being discovered 

month after month. All with a marked im- 

provement in the quality of products, and 

great saving in labor costs! 
Send today for our new bulletin on 

Stromberg Process Timing and Signalling 

Instruments. Just fill in and mail the cou- 

pon. No obligation. 





Strombers 
Instrument } 





STROMBERG ELECTRIC COMPANY 
241 W. Erie St., Chicago, Ill. 

Sales and Service Offices in Principal Cities 

»ymberg Time Recorder Co. of Canada, Ltd 

105 Victoria Street, Toronto, Ontario 





Stromberg Automatic Str 
> oh for 


( ntact Repeat 


’ 


pre: 
regi 


Avi 


STROMBERG TIME “ 


nan 


“Turns Wasted Minutes Into Profits. Inc 














forr 
STROMBERG ELECTRIC COMPANY, 


241 West Erie St., Chicago, Ill 
Send me your bulletin on Process Timing and Signalling Instruments 


Firm Nan seca iceialantialaniiaeneine 


> z 





Add 
ae — 
City —— lo City 











When writing to the above company, please mention INSTRUMENTS 
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Amazing New P aulin 


Eliminates Faults oo 
of Old-Style 


Altimeter! 







o “hysterisis” 
No gears 

No friction 
No “lag” 


| NACCURACIES have been eliminated in the new 

Paulin Altimeters. A new method of weighing air 
pressure does away with gears and friction. The Paulin 
registers the slightest changes in elevation instantly. 
Aviators pronounce it “perfect.”” Surveyors find one 
man with a Paulin can now do the work of a crew of 
men and instruments. An amazing record! Sign your 
name below and mail to The American Paulin System, 
Inc., Dept. 1-2, 1220 Maple Ave., Los Angeles, Cali- 
fornia, for free booklet explaining the Paulin principle. 
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RAWSON 
TYPE 507 METERS 


Flush Mounting For Portable and 
Production Test Sets 






I re aon 5S ‘ ——_— ~ 

Scale ha . * 
ae! a a Fn 

over A “J - 6 > 

3"long oe A . 





Discount 
on 

quantity 
lots 


Measuring Currents from .03 microamp and 
Voltage from 10 microvolts. 


Fitted with safety key and series Resistances if desired. 


RAWSON 
ELECTRICAL INSTRUMENT CO. 


INCORPORATED 1918 
CAMBRIDGE, MASS. 
Branch Offices: 91 Seventh Avenue, New York City 


Also Manufacturers of DC Multimeters and AC or DC Thermal Multimeters 
Microammeters, Milliammeters and Ammeters, Microvoltmeters, Millivoltmeters 
and Vo'tmeters, Cable Testers, Timers, Earth Current-Meters, Fluxmeters. 

Thermo Junction, Electrostatic Voltmeters, Wattmeters, etc. 


Write for bulletins. 











When writing to the abor mpany, please mention INSTRUMENTS 
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A CHALLENGE 


to Instrument Users: 


Examine and Test 
JEWELL 
MASTER 

INSTRUMENTS 


These instruments in bakelite 
eases of uniform dimensions 
not only form the most com- 
plete line of intermediate size 
instruments — they have fea- 
tures of improved design not 
found in other instruments of 


comparable size. 


Tests by central station com- 
panies and other large users of 
instruments have given Jewell 
Masters excellent ratings. They 
are used extensively in many 
factory laboratories. An increas- 
ingly large number of manu- 
facturers are using them for 
field service. 


Testand compare Jewell Masters 
side by side with instruments 
of similar size. Careful tests and 
close inspection reveal the ac- 
curate performance and superb 
design of Master Instruments. 


isk the nearest Jewell Representative 


to tell you about Jewell Masters. 


Jewell Elecetri 





/ 


The Jewell Pattern 173 is typical of 
Jewell Master Instruments available 
in both A.C. and D.C. voltmeters, 
ammeters, and wattmeters to cover 
practically every requirement of in- 
dustrial electrical testing 


al Instrument Co. 


1650 Walnut Street, Chicago, II. 








30 YEARS MAKING GOOD INSTRUMENTS a» 
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The 





yro 
Optical Pyrometer 





can be used 


for checking temperatures in the coke and gas industries. Temper- 
atures read through the flue covers and the buckstrap openings 
permit the operator to keep his ovens at the right temperature, to 
locate hot spots in the brickwork, etc. 





in the iron and steel industry for checking the operating temper- 
atures of open hearth furnaces, soaking pits, heating furnaces, cruci- 
ble furnaces, rolling and forging, cupolas and puddling furnaces. 


in glass, ceramic and brick plants for temperatures of melting 
furnaces, kilns, enameling furnaces, enamel smelters, glazing kilns, 


etc. H 
P 

in the cement industry for checking the sintering zone, etc. 7 
ur 


for the measurement of temperatures in boiler furnaces, heat 
treating furnaces, incinerators, etc. 


in places inaccessible to other pyrometers, or at temperatures too 
high for thermocouple pyrometers. 


Any one can use the PYRO 
it measures the temperature of any glowing spot very quickly, the hi 
temperature of surrounding objects has no effect. 


egg : ag : ; e) 
it is automatically in focus at any distance, no attention need be 
paid to the distance between the pyrometer and the object. as 
it requires no calculations, no allowances to make. 
it is direct reading, no chart is necessary. p! 
it can be checked at any time, a standard lamp is included in each 
pyrometer. The lamp can be replaced by the operator without 
changing the accuracy. 
it is light in weight and convenient to use. The battery is included 
in the telescope. 
it can be read at will, as the scale is locked after making the New. % 
comparison. Detroi 
San Fr 
Ps . . Salt Li 
Write for information to Chica, 
Clevel: 
Bostor 
Philad 
HE F YROMETER LNSTRUMENT UO ontien 
Instru 
- sf a . y 
50 Howard Street New York, N. Y. 
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% 
Where control of Temperature, 
Pressure, Humidity or Flow is The Foxboro Automatic 
: - lemperatureRecorder-Con- 
important you need: troller is shown above. It is 
. the original Recorder - Con- 
An Accurate Instrument troller. [tis guaranteed tobe | 
. | accurate within one percent 
A know ledge of correct ap- of total scale range, to stay 
plication of the Instrument — | 2jeurate; and to be of first 
to the process. | 
In Foxboro Instruments and broad engineering 
experience you get these two things. They will 
assure you of process control and increased 
profits. Use this experience. 
THE FOXBORO COMPANY 
NEPONSET AVENUE, FOXBORO, MASS., U. S. A. 
New York Pittsburgh 
ng Rochester, N. Y. 
Sa ‘rancisco > 
an Lake Gite Portland, Ore. 
Chicago Pulsa 
Cleveland Los Angeles 
Boston REG. U. S. PAT. OFF Dallas 
Philadelphia THE COMPASS OF /NDUSTRY Atlanta 
Instrument for Controlling, Reeording and Indicating Temperature, Flow, Humidity and 
Pressure. 
When writing to the above company, please mention INSTRUMI 
| 
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American Meter Company Has Them... 


Gas Measurement Kqu ipment 
Gas Testing Apparatus 
Indicating Flow Meters 

Rate Volume Controllers 


For accuracy, dependability, and economy in every 
phase of gas measurement, you need remember only one 


name—American Meter Company. 


Write for the complete Index to American Meter Com- 
pany’s free information on various requirements of gas 
measurement engineering. Below are listed some of th: 


subjects covered: 


Gas Testing Apparatus Measurement of Liquids by 
Orifice 

Indicating Flow Meters Gas Measurement by Dis- 
placement 

Rate Volume Control Gas Volume and Pressur 


Recording 


Large Volume Measurement by Linderman Orifice 


A y 
ENGINEERS 
G CUBIC fe | 
4 FEET S. 





AMERICAN METER COMPANY 
Incorporated 


General Offices: 105 West 40th St., New York, New York 


The World’s Largest Manufacturers of Gas Meters and Allied Appliances 
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GAS 
ANALYZER 





TYPE S 
RECORDER 
























Patents Pending or al- 
lowed in all important 
foreign countries. Pat- 
ented U.S. A. Nos. 1,698, 
887. 1,715,374. 


Engelhard Thermal Con- 
ductivity Cell (cut-out 
shows Engelhard Paten- 
ted Quarts - Protected 
Platinum Spiral. 






The Engelhard quartz-protected Thermal 
Conductivity Cell prevents inaccurate analyzation 


The United States Bureau of Standards advocates thermal conductivity 
for most efficient gas analyzation. Ordinary cells in general use, how- 
ever, have a calibration drift which requires considerable corrective 
checking and readjustment. Simple though such adjustment is, the 
need for it detracts from the reliability of records. 
As a result, Engelhard Engineers have developed a thermal conductivity 
cell incorporating two quartz-protected platinum spirals and by thus 
keeping the gas from contact with the platinum, the cause of the cali- 
bration drift is entirely eliminated. 
This type of cell maintains its accuracy indefinitely. It is the highest 
development in gas analyzing efficiency now available. 

Write Dept. L for bulletins describing 


the economies possible in your plant 
with the Engelhard Gas Analyzer. 


CHAS: ENGELBARD =< INC: 


233 N.J.R.R. AVE RE NEWARK WN. J. 
































Recording and indicating in- STANDARD Chicago, New York, Boston 
struments, automatic tem- FOR Pittsburgh,Cleveland. St.Louis, 
perature and gas control, py- O YEARS Montreal, Ottawa, Toronto, 
rometers, gas analyzers, ther- 3 E/ R. E. Chase & Co... Tacoma. 
mometers. Wash... Jensen Instrument Co.. 


Los Angeles, Cal. 
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L&N Equipment 


For Studying Electrolytic Conductivity 


(y 


gli 

















The above group of instruments is suitable for student 
ctr c d th the Kohlrausch n cation ¢ 
I This it features our Stude Slide W 
rcuits. It is lear and simple, a is much used f 
structior The resistance is high enough to produce fairly 
ley 
SPECIFICATIONS 
The No. 4203 Students’ Slide Wire has a resistance of ab« 30 
s and end coils each 4.5 t s the slide wire resis ‘ I scal 
100 \ s igt with t slic wire resistant bett 
l vis rl id coils a ccurate to 0.2 per cent; they hav 
~ rcuiting switches \ stantial tapping key is built t 
The No. 4775 4-dial Resistance Box 9 l 10 100 
1000 ns ‘h s are ira ‘ to 0.1 per t. N 
$12 Buzzer furnishes a suitable « t for students’ work. The Ne 
9872 Telephone Receiver is doub! s d of s s show It 
yly sensitiv Tl N $912 “I ljustable electrod 
ican b s ver a wide range of resista s. Itisshowr 
on stand and clamp No. 491l-a 
$203 STUDENTS’ SLIDE WIRE $ 30.00 
1775 4-DIAL RESISTANCE BOX, 9 + 10 + 100 
1000) ohms 410 00 
412 BUZZER 10.00 
1912 STUDENTS’ U CELL, not including stand and 
clam] 26.00 
S72 TELEPHONE RECEIVER 5 50 
491l-a STAND AND CLAMP, for No. 4912 Cell 2.20 


Write for Catalog 48-1 






LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, PA. 














ELECTRICAL MEASURING INSTRUMENTS HUMP AND HOMO TREATI* G FURNACES 
POTENTIOMETER PYROMETERS AUTOMATIC COMBUSTION CONTROL 
00 
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TEMPERATURE SCALE /2" LONG 
FOR SETTING CONTROL POSITION. 
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HEAVY STANDARD MOTOR WITH SURPLUS 
POWER, LOCATED WHERE YOU CAN OIL IT. 





This is the automatic temperature 
controller we make for use with 
thermocouples or with electrical 


resistance thermometer bulbs. 


Witson-MAEuLEN (6 | 


INCORPORATED 








387 Concord Ave. New York, N. Y. ; 


When writing to the above company, please mention INSTRUMENTS [ 
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To Our Readers 


HIS issue is a result of the interest expressed from time to time in calori 

metric measurements. The editor endeavored to include in this issue the 
descriptions of all devices called calorimeters, as there is no single place in 
the literature to-day where an attempt has been made to bring together 
information on this subject. 


Below are listed books on calorimetry, for those who desire to read 
further on this subject 


American Gas Institute—-Committee Reports on Calorimetry; and Erecting and Oper 


] 
] 
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H 
H 
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ing Gas Calorimeters 


Coste—Calorific Power of Gas, 1911 

Coste & FE. R. Andrews—-Fuel: Gaseous, Liquid & Fuel, 1914 

Davis & E. L. Wallace—Technical Paper 91, U.S. Bureau of Mines, A Convenient 
Multiple—Unit Calorimeter Installation, 1917 

Dickinson & N. S. Osborne—Scientific Paper 247, U. S. Bureau of Standards 
An Aneroid Calorimeter, 1915 

Dickinson-—Scientific Paper 230, U. S. Bureau of Standards, C 
metry and the Heats of Combustion of Cane Sugar, Benzoic Acid and Naphthalen 

1914 

Dickinson & E. F. Mueller—Scientific Paper 68, U.S. Bureau of Standards, Calor 

imetric Resistance Thermometers and the Transition Temperature of Sodium 
Sulphate 

Dickinson & E. F. Mueller—Scientific Paper 200. U. S. Bureau of Standards, New 
Calorimetric Resistance Thermometers, 1913 

Dickinson & N.S. Osborne—Scientific Publication 248, U. S. Bureau of Standards 
Specific Heat and Heat of Fusion of Ice. 1915 


ombustion Calor 





. Dickinson, D. R. Harper 3rd & N.S. Osborne—Scientific Publication 209, U. § 


Bureau of Standards, Latent Heat of Fusion of Ice 

Gill—Gas & Fuel Analysis for Engineers, 1925 

Harper, 3rd—Scientific Paper 231, U.S. Bureau of Standards, Specific Heat of Coy 
per in the Interval 0° to 50°C, with a Note on Vacuum—Jacketed Calorimeters, 
1914 

Osborne & M.S. Van Dusen—Scientific Publication 313, U. S. Bureau of Stan 
dards, The Specific Heat of Ammonia, 1917 

Osborne & M.S. Van Dusen—Scientific Publication 314, U.S. Bureau of Standards 
The Latent Heat of Pressure Variation of Liquid Ammonia, 1917 

Osborne & M.S. Van Dusen—Scientific Publication 315, U.S. Bureau of Standards 
The Latent Heat of Vaporization of Ammonia, 1917 

Osborne—Scientific Paper 301, U. S. Bureau of Standards, Aneroid Calorimeter 
for Specific and Latent Heats, 1917 

Poole, rewritten by R. T. Kent—Calorific Power of Fuels, 1918 

Bureau of Standards—Circular 48 Standard Methods of Gas Testing, 1916 

Bureau of Standards—Circular 11, Standardization of Bomb Calorimeters 

Bureau of Standards—Circular 65, Gas Calorimeter Tables 
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C. W. Waidner & E E. Mueller—Technical Paper 36, U. S. Bureau of Standards I: 
trial Gas Cal rimetry, 1914 

Alfred H. White—Technic: il Gas & Fuel Analysis, 192( 

Walter P White The Me xdern C ili rimeter, 1928 


| et ' pr I ther 


The International Temperature Scale 


_ IGH INSTRUMENTS is a young magazine entering 
third year, it was within its life that a magnificient achievement, 
importance to all thermometer users in the civilized world, was announc: 
when in the October 1928 Bureau of Standards Journal of Research, TH 
INTERNATIONAL TEMPERATURE SCALE was published. It 
fitting that a résumé of this international agreement—the fruit of year 


labor—should appear in this issue of INSTRUMENTS devoted to ( 


rimetry. Sucha résumé is given in our Engineering Editor's article “That 


Peculiar Thing, Temperature,’ and is preceded by an entertaining y 
informative discussion of what the author calls “one of the few pur 
intensive and dimensionless measurable magnitudes of physical phenomer 


Are We Going Instrument Wise? 


HE editor takes this opportunity to welcome the latest addition to the 
field of periodicals, wholly confined to instruments—THE REVIEW 


OF SCIENTIFIC INSTRUMENTS 


That there is a need for this publication in spite the large number 
existing periodicals, is ably pointed out in the editorial appearing in Volu: 
1, Number 1 


sither pure or applied « 
f the desirability 





roposal that it a 









inc instruments, it was 
ially establishing a new periodical, wt 
nC e tria tse oh wage “92, ate instr 
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that such a 
there is ne 





journal could nm dr i, ase Acc y, it 

onsen’ J te he nd its name change ito “THI JOUR IRN ‘AL OF THE OPTIC “Al $0C METY ( NE AM 
C A AND REVIEW O1 SC IENTIFIC INSTRU MENTS.’ This add ewtrsenee Sada. 9 vote he Nat 
Research Council, was made possible by the cooperation of the Scientific Apparatus Makers of Americ 


This section on scientific instrument 
It has carried rti 






purpose luring the post eight 








a great variety yeliev f 
itself among the scientific periodica et ad 
s, to establist ees at urr ie tegen ed « 

Scientific Apparat Aakers of ‘An ies), Nu r I, of THE REV 


OF SCIE NTIFIC INSTRU MEI NTS." 


We welcome this new publication most heartily. 
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The Censuses of Manufactures and Distribution. 


HE coming census of the United States will be the most comprehensive 

statistical compilation ever undertaken in this or any other country. 
It will cover population, occupations, agriculture, irrigation, drainage, manu 
factures, mines, quarries, unemployment, and distribution. 


This is the first time we are to have a census of distribution, which may 
be defined briefly as a gathering of statistics in regard to wholesale and retail 
trade. It will show the number of persons employed by merchandising 
establishments; the principal expenses of such concerns, including rent, 
interest, and wages paid; the stock of goods on hand December 31, 1929; 
ind the sales of broken down commodity groups, so far as practicable, all 
classified geographically by kind of distributor, size of establishment, and in 
other significant combinations. The inclusion of this subject of distribution 
means a very material addition to the work of taking the next census. It 
is estimated that it will be necessary to canvass nearly two million establish 
ments. 


The need for the kind of information which may be obtained through a 
distribution census is very generally realized, and has been urged upx yn the 
Government by manufacturers, merchants, chambers of commerce, repre 
sentatives of business organizations, and others. It is generally asserted 
that one of the reasons why we have not made improvements in the efficiency 
of distribution corresponding to those that have been made in production 
is that we have hitherto possessed relatively little comprehensive informa 
tion about the movement of commodities. 


The Government will be greatly assisted in preparing its report on the 
distributive system of the country if the merchants cooperate by supplying 
the requisite data promptly and accurately. 


Each manufacturer is also urged to see to it that the questionnaire of the 
censuses of manufactures which he has or will presently receive from the 
government is filled out accurately and completely and is mailed at once in 
the return envelope that came with it. 


After acceptable returns have been received from all the members of an 
industry a preliminary report for that industry will be prepared and pub 
lished. This report will be sent out to all who ask for it. 


As the preparation of these preliminary reports requires usually only a 
day or two after the receipt of the last return, and as multigraphing and 
mailing consume only about two weeks (allowing a week between date of 
mailing and reclose date), it is obvious that the date upon which this report 
will be available depends upon the promptness and accuracy with which the 


members of the industry send in their reports. 


All manufacturers may be assured that their report will be treated by the 
government in absolute confidence and will not be disclosed to any person 
who is not a sworn employee of the Census Bureau, not even to an official 
employee of some other government department or of the Department of 
Commerce outside the Bureau of the Census—as stated clearly on the 
questionnaire. 


Cooperate with the Bureau of the Census. 
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Calorimetry in America. 
Prof. S. W. Parr* 
ALORIMETRY came very near being born in America. If one were 


to burnish up some of the odd corners connected with the revolution 

wry period of American History, there is one of more than passing interest 

connection with the development of the field of Technical Science. It 
would run somewhat as follows: 

On the 26th of March, 1753, at North Woburn, near Boston, was born 
Benjamin Thompson. In 1772, at the age of nineteen, he was commissioned 
by Governor Wentworth a Major in the Second Provincial Regiment of 
New Hampshire. The enmities and accusations that followed this ap 
ointment, growing into a serious threat against his life in 1774, caused him 
to embark for England in October, 1775. In England his investigational 
portunities were greatly extended. Some of his experiments, especially 
in connection with gunpowder, were communicated to the President of 
the Royal Society. As a result of this and other scientific accomplishments, 
he was made a Fellow of that Society in 1779. In 1784 he was appointed 
by the Elector of Bavaria to a combined military and civil position at Mun 
ich, where he established notable reforms growing directly out of his scienti 
fic studies relating to the properties of heat and their correct application in 
the preparation of food. In this same year he was knighted by the King 
f England, George III, and chose for his title that of Count Rumford, 
honoring in this way the town of Rumford, later Concord, New Hampshire 
where he spent the most active years of his life in America. 

[It will take us too far afield to follow the subsequent career of Count 
Rumford. Any one desirous of details will find most entertaining accounts 
of his life, by Professor Tyndall, delivered as lecturer in 1883, “On Count 
Rumford, Originator of the Royal Institution.” Aside from his remarkable 
iccomplishments in the adaption of scientific facts to problems of everyday 
living, his most notable achievements along scientific lines were as follows 

He was the originator of the formal generalization known as the Mechani 
cal Theory of Heat, based on experiments conducted on a scale unexampled 
it the time, whereby he was able to prove that heat was a form of motion. 
He was elected to the “Institute of France,” in 1803, and lectured before 
its classes on subjects engaging his attention while a resident of France. 
He lived near Paris from 1808 till 1814, and, 


On February 24th, 1812, he brough i 


he Institut 
heat with a description of nis calorimeter 

Curvier, the permanent Secretary of the Institute, in his eulogy at the 
time of Count Rumford’s death, in 1814, refers to his career in Bavaria, 
with its noble services and its high honors,—does justice to his genius in 
Science, and traces his devoted and eminently successful labors for ends of 
public utility and benevolence, especial reference being made to his scientific 
xccupations after he had taken up his residence in France; quoting directly 
from Cuvier’s Eloge;—Life of Count Rumford by G. E. Ellis, page 617: 
ngularly ingenious instruments of his own contrivance. One isat 


He has constructed two singularly inget 
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meter for measuring t it of heat produced h ey 
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The external air takes back during the second half of the experiment exactly what it ga‘ 


firs 


f Illir 




















> eq ) = . + ) + 
Ru I I ] certall I Zk Be Jue S I Ze Uv t W 
ftener th e in two years the Royal Society of I mn, t 
it ‘ results in ti { . ht. “the pre 
| ) 
Ww S De IOV to suc! SCOV sass t l the Pres 
Council te st to p te the good of Kl 
+> +} +} y I> + + 
u ite A WII S X 9, Was je Tt 
pA ] ) 





Jac Bigelow was yoInt to t rst Ru rd P [ I 
ug iddress w th vorks of ( nt R t 
uding grap! : 





ent evet + u yy ew + < spc k 4 
fter his g t Harvard, Dr. Big w delive t g adc 
the inaugu ti f the Massachusetts Institute of Teck gy, N t 
16, 1865 s initiat t t icat € the sig 
f wi the t t tanc whic w SC 

¢ We t f ( ( tR tly wit 
st S tin this Tec gical Educat 

This t historical circuit s us t C 

‘ ( ‘ . 


A e crude tvp Cc t ese C 
7 ‘ 5 4 
9 It is yartic there t ( t Ru C 
) t which f tl st t the ncipies 
W recogniz s ‘ suc tus. He 
Kl X \A ont suc cf t st + eat C 
K X weight Wate t S est s of TW ts of refere ) 
W t poss to ex} Ss the t c St cs t , 
a ‘ known t ‘ He < te . an h 
t c S S A that t If A se t g 
eoTe ’ 
T os > > + + 
i S Was St ex SS i L . Cc 
Ss expressec t geg s s t ture Whi ee i I fl 
tt c K Wat i 
N ss, the s & unt Ru I C Vas t Vit pl 
S 826 Mr. M sB PI jel} 
hy 
nr 














INSTRUMENTS Fr 


Philosophical Society of Philadelphia, finding fault with Rumford’s method, 
claiming that what was desired in a fuel calorimeter was some system which 
would give directly the relative values of different fuels used in the arts ot 
for domestic purposes. He devised a calorimeter of his own which furn 
ished such values. His paper, with illustrations and results, was read 
before the Philadelphia Academy of Science April 7, 1826. It consisted of 

detached and insulated room 8 x 8 x 8 feet, in which an attendent kept up 
. fire in a small heater in such a manner as to maintain a given temperature 
wr a definite length of time, and the weight of the various fuels thus tested 
furnished a series of ratios when referred to a given fuel selected as a stan 
dard of reference. Mr. Bull's method would seem to be rather crude, but 
it is of decided importance to note that this method of developing ratios 
has possiblities of extreme exactness, being limited, of course, by the degree 
of uniformity as to the conditions under which the several tests could be 


conducted. 

The next outstanding investigation in America was made by Professor 
W.O. Atwater, at Wesleyan University, Middletown, Conn., 1895 and 
1899, who may have taken some remote hint from Bull’s experiments, though 
there is nothing in the literature to suggest that idea. At any rate. he 
developed his respiratory or human calorimeter along somewhat similar 
lines, building a room so well insulated that the heat in-put in the way of 
food could be definitely measured in heat units, as put out by the human 
system. While this life-sized calorimeter was a great accomplishment in 
itself, it can readily be seen that its use and value would depend directl; 
upon the theoretical or exactly determined heat value of the food supplied 
to the subject within the large apparatus. 


y 


This led Professor Atwater to devise a calorimeter along the lines pro 
posed at about the same time by Mahler, and somewhat earlier by Berthelot 
of France. Professor Atwater’s instrument consisted of a steel bomb 
lined with platinum, and capable of retaining oxygen under high pressure 
of 25 to 50 atmospheres, with provision for igniting the food sample by 
electric contact through the cover of the bomb. The bomb was submerged 
ina known weight of water, held by a round can or vessel of pewter. 

It will be seen that we have here a departure from the method used by 
Rumft rd, whose experiments were conducted at constant pressure, where 
is, with Atwater, we have a system wherein the combustion is carried on 
at constant volume. 

It is not our purpose to follow the developments in detail along these 
two lines. Rumford’s followers were Dulong, in 1838, who substituted 
oxygen for air. Favre and Silberman, in 1852, introduced numerous 
mechanical improvements, and Fischer went still further by constructing 
his combustion chamber of silver 

All of these devices encountered serious difficulties when used with 
coals of high ash content, on account of incrustation, which prevented 
complete combustion of the charge. The constant volume type came 
chiefly as a relief from the difficulty of incomplete combustion, and has been 
further promoted in popularity by the ease with which oxygen in high 
compression cylinders could be obtained. The development of high com 
pression or constant volume calorimeters was brought about by Berthelot 
in 1881, who used a platinum lining for his bomb. Also, as already noted, 
by Atwater, who also used a platinum lining, and by Mahler, in 1892, who 
proposed a cheaper construction by using a bomb having an enameled lining 
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hould forget to add the 15 grams of sodium peroxide called for in making 
ip the charge. Under such conditions the mixture has the property of 
ounp wder in the speed of its reaction. On the contrary, a mixture of 
nerchlorate and coal alone does not constitute an explosive mixture. 


The function of an accelerator may be explained as follows,—The heat 
f the reaction brings the charge toa liquid state and neither at that stage or 
immediately following where it becomes solid, could an atmosphere of free 
xygen, as used in the Atwater method, contribute greatly to the com 
pleteness of the reactions. On the other hand, if the accelerator is brought 

. high degree of fineness and evenly distributed throughout the mixture, 
the oxygen liberated by the accelerator is not only at the exact spot where 
t is needed, but is also at the moment in the nascent state. Under these 

ditions there is secured not only a complete oxidation of the organic 
matter but any reactions which would otherwise rob the Na-O, of an atom 
f oxygen, have at hand compensating conditions which bring the Na,O 
back to its normal and more stable condition of Na.O. 


It is not in place here to go into the details of operation or to discuss the 

rrections and factors to be applied. These features are fully set forth in 
the book of directions which accompanies each instrument. In general, 
the behavior of the instrument may be summarized as follows 


The reactions which occur in the case of hydrocarbon compounds are 
exceedingly exact and constant and admit of a high degree of accuracy as to 
results, and when compared with those obtained by the oxygen bomb 
method, should be well within the limit of toleration set by the A. S. T. M. 
ind the A.C. S. However, decided emphasis should be placed on giving 
the sodium peroxide fusion method an equal chance with the oxygen bomb 
procedure. The shortcoming most commonly practiced is in the use of an 
inferior thermometer. 


The thermometer to be used with the sodium peroxide method should be, 
in every respect, the equal in accuracy to that used in the oxygen bomb 
instrument. If a high grade Beckman is used in the oxygen bomb instru 
ment, the sodium peroxide instrument is entitled to the same consideration, 
ind certainly in a test case of comparison determinations the same thermom 
eters or exact equivalents should be employed. The peroxide instrument is 
worthy of this consideration, and too strong a plea cannot be entered on this 
score. The most astonishing crudities are occasionally met with in the 
way of thermometers. A calorimeter is no better than the thermometer 
that is used with it. In general, a good mercury thermometer is better 
than a resistance couple, and a solid stem properly made and calibrated is 
better than a Beckman. However, a certificate may be worth little, if 
made on a thermometer of unseasoned glass, and it may be added, is entirely 
worthless unless the corrections are observed. Let it be noted also that 
thermometric accuracy as to actual temperature is not essential but the 
differential error over any range likely to occur in use should not exceed 
0.03°F. By plotting the certificate variations in the form of a curve, it is 
i simple matter to correct for the error involved in any reading, and this 
refinement should be consistently observed. 


One further advance in calorimetric apparatus has been made as a result 
of investigational activity in America. This seeks to avoid the expense 
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f a platinum lining, and also the objectionable features of an enameled sur 
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face, with its liability to cracking and consequent exposure of the metal t 
ice, if ITS HaDUITy CraCKing and ¢ juent ex] ure I the metai t 
corrosion from the mixed sulphur1 1 nitri ids which accompany t 
combustion, especially of high sulphur coals. Following the Berthelo tty 
of bomb, as improved in pattern by Atwater, and eliminating the use of 
platinum lining is employed by both of those investigators, Parr develope 
snp »] | sting allov for tl onst t his ilorim ho 
spec “lal acid-Tesl LINY allOy 10 tilic CO ruct Ol \] Cdl Lilie ter if 
He prese nted t Ww papers t the Ei igt hth In ternation il & megress of Appli 
Chemises held in New York in 1912 

A third paper? of special interest in this connection presented at the 
Con gress, gave a considerable amount of d 


, ita conhrming the value of ti 
; | ] cy ” ae 
ew alloy. This new Alloy was given the name of “Illium,” and evider 


1 | 
eter use has been cumulative throughout the ye 











to its V ilue Inc ilorin 
which have followed its introduction. It is not uncommon for users t 
report an unblemished char icter, br th inside ind out, after years of ser\ 
One operator mentions the use of his Illium bomb in approximately 45, 
determinations without evidence of corrosion OF deteri ration of any sort tr 
It would be too long a story to enumerate all of the illustrations confir1 
ing the value of this alloy and indeed its complete equivalent as a substitut 
for platinum in the construction of bombs for calorimetric use , 
— 
ni 
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Calorimetry, Its Importance and 
Practice In The Gas Industry 


W. E. Stackhouse* 


N the manufactured-gas, as well as in the natural-gas, industry. the 
| measurement of heating value is one of the most important measurements 
ncident to the final distribution of such gas. In the manufactured gas 
ndustry especially, a proper control of the quality is obtained only through 

.ccurate determination of the calorific value. 


Within the last few years calorimetry has become of equal importance in 
the natural gas industry also. This is largely due to the interconnection 
f natural gas distribution systems, because a proper knowledge of the 
quality is just as important as an exact measure of the quantity of gas so 


transferred. 


Another rather recent development, making calorimetry more necessary 
to the natural gas industry, is the problem of “mixed” gases, in which the 
natural gas is mixed with some kind of manufactured gas, such, for instance, 
is coal gas or perhaps blue water gas. Hence, where such mixing is done, 
. careful check on the heat units contained in unit volume of gas, which 
represents money to the manufacturer, is important, while on the customer’ 


side it is to his advantage that he receive gas of a constant quality This 


implies a gas having a constant heating value and a constant specific gravity, 
ind of these two the constant heating value may perhaps be said to be the 
nore important, because a variation in the heating value of any gas affects 
the heat unit delivery to an appliance directly, whereas a variation in the 
specific gravity affects the heat unit delivery only inversely as the square 
root of this gravity. 


Therefore, realizing the value of proper control of the calorific value of 
ill gas used either domestically or industrially, we may consider some of the 
problems relative to calorimetric practice with more interest. 


Briefly stated, calorimetry is the process of measuring quantities of heat 
However, before any quantity can be measured a proper unit must be de 
vised. A quantity of heat may be expressed by any of its directly measure 
able effects, the most convenient of which is the alteration of temperature 
when a source of heat is applied. Quantities of heat may thus be defined 
by stating the temperature to which they are capable of raising a known 
weight of a known substance, such, for instance, as water. The “thermal 
unit is such a comparative unit, its value depending upon the units of 
mass and of temperature adopted. 


As suggested above, in order to define a purely thermal unit of heat it is 
logical to choose some effect which heat produces, and then agree that this 
thermal unit shall be such an amount of heat as will produce a specified 
imount of this effect in unit of some “standard” substance. The specified 
effect which has been agreed upon is a change in temperature of 1°C per 
gram of the “standard” substance, which for convenience is taken as water 
However, due to the change in the specific heat or heat capacity of water 
with a change in temperature, the particular range over which this heating 
shall occur must be specified. Now the specific heat of water is unity at 
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temperature of 15.0°C (59.0°F), and for the sake of standardization t 
thermal unit called the calorie is defined as that quantity of heat which w 
raise the temperature of one gram of water from 14.5°C to 15.5°C.  T] 


is known as the 15° or small calorie. 


Sometimes the mean calorie is also specified. The mean value of t 
specinc heat of water between the temperatures of O and 100°C is 1.00% 
hence the mean calorie, which is one one-hundredth of the heat requir 
to change the temperature of one gram of water from 0° to 100°C, 1s actu 
1.00012 calories (15°). Then too the “large” calorie, which is 1000 calor 
is sometimes used as the comparative unit. However, in engineering pt 
tice in English speaking countries, the “British Thermal Unit” or “B. t 
isused. This is defined as the heat required to raise the temperature of 


pound of water one degree Fahrenheit. As with the calorie, the particu 
range is specified. Hence, converting degrees Centigrade to degrees | 
renheit, we have this range as from 58° to 59°F. Then, for purposes 


conversion, one B. t. u. equals 252 calories (15°), this value being deri 


from the relations existing between the pound and the gram and the deg 
Fahrenheit and the degree Centigrade. 


The operation of measuring quantities of heat may be performed by eit! 
of three ways, namely, by the method of mixtures, by the method of ¢ 
tinuous flow or by the method of latent heats. Of these three the metl 
of continuous flow is the one most often used to determine the heating v 
of liquid or gaseous fuels, while the method of mixtures finds applic 
in the form of bomb calorimeters, which are used to determine the an 


of heat available from solid fuels, such as coal or coke. 


Perhaps the simplest method of measuring certain quantities of he 
by the method of mixtures. In this process the quantity of heat t 
measured is transferred to a known mass of the “standard” substanci 


water, and by observing the temperature rise, the quantity of heat is read E 
calculable. The heat may be transferred to the water in a number Prov 
ways, as, for example, a piece of hot metal may be dropped into the wate Ost 
some hot liquid may be poured into it, or a hot gas may be passed inti way 
If the water for such experiments is maintained at a temperature near that phe 
for which the calorie or B. t. u. is defined, then the mass of water mult ft 
plied by the number of degrees rise in temperature will give the numbe: — 
heat units added, after allowing for the known corrections for the particu A 
instrument used. Sometimes it is advisable to keep the hot body fi war 
making direct contact with the liquid, in which case it may be put int tube 
inner vessel having thin walls of good conducting material. Moreover to m 
some cases it might prove inconvenient or difhcult to use water as the st ns 
dard or calorimetric substance, in which case some other liquid or ever outle 
solid of known specific heat could be used cedu 
In contrast to the above method of mixtures in which a “closed” ve thert 
filled with a certain mass of water is used, we have the method of continu rise 
flow, which in some cases is more readily adapted to the measurement — 
large quantities of heat. This method of continuous flow is particul ne 
useful in determining the heats of combustion of gaseous and liquid fu will ¢ 
where a constant rate of combustion may be had, and, hence, a st Th 
liberation of heat can be maintained “= 
Fig. 1 is presented to show the set-up of a standard flow calorimete: | factor 


used in gas calorimetry. 
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In the operation of such an instrument a steady stream of “standard” 
ibstance, usually water maintained at a constant temperature, from 
eservoir is allowed to flow past the point at which the heat is being liber 
ted. thence caused to circulate, as shown in Fig. 2, in such a way that all 
the heat is absorbed by the liquid, and finally past the exit water thermom 
If the rate of liberation of heat is constant and the rate of water 
ww is constant, the temperature difference between inlet and outlet water 
ust of necessity be a constant value. Hence, the number of heat units 
erated when a certain quantity of fuel is thus burned, can readily be deter 
ined by noting the temperature rise and the mass of water which passes 
ugh the instrument while this volume of fuel is consumed 
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Fig. 2 is a diagrammatic sketch to show the course of the water and of the 
products of combustion as they pass through a flow calorimeter. It will be 
ybserved that the gas and liquid travel through the instrument in such 
way that all of the heat is transferred from the gaseous products to the 
liquid before the products escape to the atmosphere. The tubes are made 
of thin brass or copper, so as to get efficient transfer of heat, and for this 
reason should be kept clean at all times. 

Actually, however, even though the instruments are designed in such 
way as to give a constant effective head of water pressure to the heating 
tubes, it is impossible to get a constant flow. Furthermore, it is impossible 
to maintain the other primary variable, namely, liberation of heat, entirely 
constant. Hence, the resultant temperature increase between inlet and 
outlet water is subject to slight variation. Therefore, the standard pro 
cedure is to operate the calorimeter a sufficient length of time for it to attait 
thermal equilibrium, after which continuous observations of temperature 
rise are made while a certain volume of gas is burned. The water which 
flows through the instrument while these series of observations are made is 
collected and weighed. These three primary observations, when corrected, 
will thus make available the heating value of the gas so burned. 


The determination of quantities of heat by the method of continuous flow 
may be subject to considerable error unless a careful consideration of all the 
factors affecting such errors is given. Briefly stated, these sources of errot 

re eight in number and are as follows 
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1. Completeness of combustion. 
2. Temperature measurements. 
Heat losses from calorimeter, or efhciency, which is affected by 
a. Surface losses. 
b. Position of burner in the calorimeter and use of radiation shie 
on burner. V 
c. Conduction down stem of burner. 
d. Heat carried off by products of combustion 
e. Effect of atmospheric humidity. 


ty 


4. Temperature of inlet water. 
5. Constancy of flow of water and gas. * 


6. Time required for the attainment of thermal equilibrium in the ¢ 


meter. : 
7. Weighing or measuring the water “08 
A 

8. Measurement of volume of gas. 

Although the above list of sources of error in using a flow calorimet 
may sound quite formidable to anyone not familiar with their operatior 
is enough to say that, in the actual procedure of determining the calorit f ga 
value of a sample of gas with a standard flow calorimeter, the efficiency 1: 30)"F 
can be held very close to 100% by keeping the instrument well cleaned a1 the o 
polished. The inner and outer surface conditions of the calorimeter “i. 
affect the heat losses from the instrument to the greatest extent. 17 Pi: 
losses due to 3-b and 3-c may be reduced almost to zero by the use of rad Kea te 
tion shields on the burner, and, as for 3-d, if the flow of products of « ean 
bustion through the instrument is regulated by means of the exit-gas damper: yer 
in such a way that the products leave the instrument practically at ro he 
temperature, no appreciable heat losses will be introduced through t! y —e 
cause. The effect of atmospheric humidity upon the heating value det whi 
mination for the usual atmospheric conditions is a very small percent wr? 2 
of the total heating value. These humidity correction factors can be fou pea 
in any work on calorimetric technology. ae 

This effect may, however, become appreciable under certain exceptio1 the la 
conditions. A rigorous discussion of the part that atmospheric humidit meth 
and the hydrogen content of the burning gas have upon the total, gross ws 
net heating values is given by Dr. Edw. B. Rosa in the Journal of the Fr Th 
lin Institute of August 1912, pages 172-175, and its study is recommet re , 
to students of calorimetry. ahs ts 

Y¥CdIS, 

No errors need be introduced due to incomplete combustion, becaus: uousl\ 
the very good burner design which is now possible, and with calorimet utom 
thermometers, which have been carefully calibrated, no errors in temp: mine | 
ture measurements need creep in. curacy 

In a well designed calorimeter installation, where a reservoir of w i cons 
is used, the water can be maintained to within a few tenths of a degree t shot 
room temperature. If the water differs appreciably in temperature fi apt 


that of the room, a correction should be applied. The Bureau of Stand 
“Technology Paper No. 36” contains such a table of correction factors | 
differences in inlet water temperature as well as other invaluable dat 
anyone interested in the technic of flow calorimetry. The above statement De 
of possible errors affecting calorimetric determinations is a partial list ” 
those appearing in Technologic Paper No. 36. 


ing pi 
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The flow of water through a standard calorimeter may be kept quite 
tant, due to the design of the instrument, because of the inlet water 
flow weir, whose function is to deliver water to the instrument at a 
stant effective head. The gas flow can also be quite easily regulated by 


ns of standard flow governors. 


When using a calorimeter, the instrument should be operated a sufhcient 

th of time previous to making observations, in order that it will have 
tained thermal equilibrium. The importance of this should be quite 
fevident. It is further obvious that the water which flows through the 
trument during a series of measurements should be carefully collected 
| weighed, because this, it will be remembered, is one of the three funda 
ntal measurements in connection with flow calorimetry 


The careful measurement of the volume of gas used during the determina 

of the heating value of a sample of such gas is also of vital importance 

A laboratory wet test meter of one-tenth cubic foot capacity per revolution 

be used, since this type meter, when carefully levelled and if in good 

ndition otherwise, is capable of very precise calibration, and a volume of 

> one-thousandth of a cubic foot is measurable. The observed volume 

f gas used is usually corrected to that at standard conditions of 60°F and 

3(.”Hg. barometric pressure by applying a correction factor determined by 
the observed gas temperature and the prevailing barometric pressure. 


Still a third method of measuring quantities of heat may be used, namely, 
the method of latent heats, in one form of which the quantity of heat to be 
measured is used to melt a known quantity of ice. Such a method necessi 
tates a knowledge of the heats of fusion of common liquids, but as in the case 
f this ice calorimeter, there is a great advantage in that the instrument 
remains at a constant temperature, 0°C. The most common instrument 
f this type is the Bunsen ice calorimeter. A second form is the Joly steam 
calorimeter, in which the order of temperature is reversed and the amount 
of heat required to raise the temperature of a known mass of substance over 
| certain range is determined from the amount of steam which is condensed 
in producing such a change of temperature. This requires a knowledge of 
the latent heat of steam under different conditions, but is a very convenient 
method for some applications. 


The above discussion has considered the fundamentals of hand calori 
metry which is capable of very precise measurements, but the gas industry 
of to-day is faced with the situation, which has prevailed for the past several 
years, of measuring calorific values of large quantities of gas rapidly, contin 
uously and with accuracy. Therefore, to meet this problem very ingenious, 
iutomatically recording calorimeters have been devised which will deter 
mine the heating value of a quantity of gas, fully corrected, within an ac 
curacy of one per cent or better usually, and will maintain this accuracy fot 
i considerable period of time with very little service required. However, 
it should be borne in mind that such automatic calorimetry is a mechanical 


idaption of any one or all of the three fundamental methods of calorimetry. 


Descriptions of the Gas Calorimeters are given on the follow- 
ing pages. 
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The American Calorimeter 
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(American Meter Company) 


proved American Calorimeter, embodies the fun 

les which are responsible for the high esteem in whicl 

kers and Hinman-Junkers instruments are held by 
experts and gas engineers 

Every essential feature which contributed t 
known efhciency of the original design has bee 
@ in the improved instruments, while many 

refinements, which have met with universal 
will be found to aid greatl facility w 


y to the 


—_ 


tubes arranged in two staggered concentric rows 
the central combustion chamber 
This element 1s jackete 1 by double-w lled, \ 
copper cylinder, tinned inside to resist corros 
heavily nickeled and polished outside to limit radiat 
By loosening twelve cap screws, the entire h 
element may be readily removed for cleaning or ins} 
The long tube Bunsen burner is a real triumph 
Ll manufacturing art and marks a  < 
. | idvance over all previous types. The 
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The temperature of the inlet and outlet water may be conveniently read 

thermometers graduated in tenths of degrees. These thermometers are 

t close together and at the same level, which greatly facilitates rapid, 

curate observation. To reduce breakage and in order that mercury 

h hambere may always be maintained at the proper depth, the thermometers 
» now set in screw sockets instead of rubber stoppers. 

“The manager of a gas pl int can place the American C alorimeter in the 

nds of any employee of average intelligence and be assured of securing 
tests which will accurately reflect manufacturing conditions and which 
hould lead to increasing economy and decreased cost of production. 

The records of such tests, when carefully dated, signed and filed, will 
prove invaluable in case of unwarranted attack as to heating value of the 
gas furnished and in conjunction with recording pressure charts they will 
serve as competent and unimpeachable evidence of service before any court, 
public service commission or other regulating body 


The Loffler Caloriscope 
(Alpha-Lux Co., Inc.) 


HIS calorimeter has been designed for the rapid and accurate determina 

tion of the calorific value of gases. It offers a number of advantages 
over other forms of portable calorimeters, as it can be used for gases of all 
calorific values from about 80 B. t. u. per cubic foot upwards. 

It contains an explosion chamber insulated by means of a Dewar vacuum 
flask, and the principle of design is the rise of temperature obtained in this 
explosion chamber by the combustion of a definitely proportioned mixture 
of the air and gas to be tested. This rise of temperature is measured on a 
thermometer whose bulb is fixed in the explosion chamber. The explosion 
is obtained by means of a high voltage (10,000 volt) spark from a small 
pocket battery and an induction coil. This battery also serves to operate 
, small lamp which illuminates the thermometer scale. 

The following are the principal advantages of the Loffler calorimeter 

1. It is portable and weighs less than 10 lbs 
It is accurate, the accuracy under ordinary conditions being within 0.35 
taken within 0.1% 

A small quantity only of gas is required for each test 
No water connection is required 

A test of any gas can be made in two minutes 

No special training is required for the operator 

It does not require standar ing, pore is Carefull calibrated t 
8. The calculations required are 


1g to the eee | 
-r readings in order »btain the calorific value 


Six measuring pipettes are supplied with por instrument, tummabe red 00 
to 4, having various capacities suitable for different qualities of gas, the 
largest capacity being used for gas of lowest calorific aioe Corresponding 
to each pipette there is a factor by which the temperature rise must be 
multiplied to give the calorific value of the gas. 

The operation is very simple. 

The gas to be tested after measuring by the most suitable of the pipettes 
is swept into the bomb by air. After closing the bomb by means of a 
stopcock it is exploded and the rise in temperature observed by means of 
a differential thermometer. After making the necessary corrections for gas 
volume by correcting for temperature and barometer pressure the corrected 
tisé in temperature is multiplied by the factor given for the pipette used. 
The results thus obtained are calories per cu. meter. Multiplying the cal 


IAW 









np le, as it is only ne 
te used, and to make 

















Page 84 INSTRUMENTS February 


ories per cu. meter with the factor .1048 which is the factor for convert 
cal. per cu. m. gas saturated at 760 m. m. and 32°F. to B. t. u. per cu. ft 
corrected to 60°F. and 30”"M. 

The apparatus is accurate to a very high degree if properly manipul 
ind can be used on almost any gas by simply changing the pipette. 

It is convenient to carry and can be used at any point around the w 
or in the districts where for some reason or other a heating value det 
mination seems advantageous. 

The illustrations show clearly the construction of the apparatus. 

irious parts are indicated by numbers, which are referred to in the foll 
ing list of component parts 














Sargent Gas Calorimeter 


(Precision Scientific Company) 


ORE than 20 years of continued research and experimentation h 
entered into the development and perfection of the Sargent G 
Calorimeter, the original Junkers Flow Type instrument to be made in this 
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country intro 


duced by Mr. C 





A ~ E. Sargent, mem 
| LS ooucrs ber of the Ameri 
QQ a can Society of 


ane BF Mechanical En 


gineers, In a paper 
2 presented to that 
na eke > body in 1907 


pa HY Since that time, 
Y refinement in de 
sign and construc 
tion of the instrument 
has been under the direct 
supervision of A. M 
Berg, of the Precision 
Scientific Company. The 
instrument is an out 
standing example illus 
trating the extent to 
which heretofore complex 
laborious scientific inves 
tigations may be simpli 
fied with no sacrifice of 
accuracy. Where entirely 
automatic recording in 
struments are used, the 
Sargent Gas Calorimeter 
is employed to furnish 
a check against their 
reliability. 














The principle is briefly 
as follows. The heat to 
be measured is imparted 
to a continuous stream of 
water flowing through 
the calorimeter in the 


} | time that a known quan 








7 mano ] | tity of gas is burned. The 

Cnet oot I conmrnae resulting change in tem 

aa Re perature of the water; the 

“Cross-Section of Calorimeter” volume of gas burned to 

produce that change 

with corrections applied, provides the data for calculating the calorific 

value of the gas. This result, when obtained through the use of the Sargent 

Calorimeter, is expressed directly in B. t. u., since the quantity of gas con 

sumed is measured in cubic feet; the water is weighed on balances reading 

in hundredths of a pound; and Fahrenheit thermometers are provided, gradu 

od °; 

ated in 1/10° intervals. 


A Sargent Wet Test Meter measures the volume of gas used, which is sup 

] > ~ - a 
plied at constant pressure by a wet type pressure regulator. The use of both 
wet meter and regulator insure saturation of the gas with water vapor at 
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room temperature—one of the speci! 





eine: dane 4) S conditions for a calorific determinati 
= ' Air necessary to support combust 

Q - enters through the open bottom of 1 

+ He? GP calorimeter, while the exhaust g 
7 ——nV Jnooe qn issue through a dampered opening i1 
i\sir specially constructed heat retair 

Li \V Manipulation of the damper to regul 

if \ the velocity of exhaust gases assu 

; fi \ | waren complete combustion. The gas 

~~~ ~ HH +4 burned in a bunsen burner furnis! 
Bie ..,, With six removable orifices adapt 

i pis to the combustion of gases ranging 





heating values from 100 to 2200 B. t 
Tests conducted at the Bureau 


a Bunsen burner, indicated thorou 
combustion, as evidenced by no var 
tion in heating values obtained, w! 








7 to 1, to 20 to 1. 
The products of combustion 


to the top of the water jacketed con 
bustion chamber, and are deflected down through a series of tubes immersed 


in the flowing water. Thus the heat energy originally contained in the g 
is imparted to the water, and the products of combustion are cooled, aft 


which they are expelled from the calorimeter and their exhaust temperature 
noted by a thermometer inserted in the heat retainer, which is designed t 


collect the condensed water of combustion, and to deliver it into a met 
beaker for determination of the net heating value. 


Where previously it was the duty of the operator to divert the out 


water at exactly the right instant, electric manipulation of tipping bucket 


has been introduced. For every tenth of a cubic foot of gas passed throu 


the meter, the exact amount of water flowing through the calorimeter durir 


the time in which that gas is burned, is automatically diverted into one 


the weighing pails. The meter index, at the instant it strikes the zer 


position on the dial, completes an electrical circuit, thereby energizing 


electro magnet, the armature of which releases the double compartment 


tipping bucket on the calorimeter, causing a diversion of the outlet « 
flow. Thus the pre-determined unit of gas is one-tenth of a cubic foot, 
subsequent calculation of the heating value, relative to a cubic foot of gas, 
reduced to a shifting of the decimal point. The device, thoroughly aut 
matic, consistent in operation, eliminates a large element of personal error 


The use of this feature is controlled by a convenient switch on the met 


and may be utilized by proper manipulation of the switch, to effect wate! 


divergence for any multiple of 1/10 of a cubic foot, dependent on the heati1 


value of the gas used. The automatic tipping bucket device is instant! 


removable as a complete unit, and is interchangeable with a swinging spo 
additionally furnished for manual changeover. 


A correct and uniform rate of water flow is maintained by the inclus! 
of constant level cups in both the inlet and outlet weirs, with an indicati 
quadrant valve interposed between the inlet weir and circulating cham! 


Standards with a flow calorimeter usi: 


the ratio of air to gas used varied fro 
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let and outlet thermometers are placed at the same height to facilitate 

ding. A vent tube eliminates pocketing of air around the bulb of the 

rmer: baffle plates insure thorough mixing of the outlet water in proximity 
the bulb of the outlet thermometer. 

Radiation shields fitted to the burner tube, employment of the special 
heat retainer, and the housing of the calorimeter body in a highly polished, 
nickel plated shell, air insulated from the water jacket—results in the re 
luction of heat loss to a negligible quantity. The heat—absorbing efhcien 
cy of the calorimeter, when tested with an electric heating coil of known 
effect, has been shown to be 99.6%. 

Ease of cleaning is afforded by the constructional arrangement. The 
flue tubes are completely exposed by dissembly of the insulating shell, which 
requires the removal of only nine accessible screws. Both inlet and outlet 
weirs, heat retainer and legs, may be separated instantly from the calori 
meter body. 

Every refinement, of which there are many, is conducive not only to 
greater accuracy and efhciency, but adapts the instrument to the needs of 
industry for a calorimeter capable of simple operation in the hands of the 
layman. 


The Burgess-Parr Recording 
Gas Calorimeter 


(Burgess-Parr Company.) 


HIS calorimeter is used for the determination of the heating value of 

combustible gases, and can also be used to control the B. t. u. content. 
It is the result of several years of development work conducted by Professor 
S. W. Parr and associates, combined with several basic features introduced 
by the Doherty Research Company. 

It is continuous in operation, and automatically actuates a temperature 
differential recording mechanism to produce a permanent record directly 
in B. t. u. s per cubic foot of gas at standard atmospheric conditions. It 1s 
of the flow type, in which water is employed as the medium to absorb the 
heat produced by combustion of the gas. 

Both the gas and water are automatically measured in carefully calibrated 
measuring chambers. The gas is measured by its displacement with 
water, thus eliminating the usual rotary wet meter with its unavoidable 
errors. The water is measured by its rise into the measuring chambers, 
effected by means of gravity), to a certain level, at which point a float 
causes a mercury switch to close a circuit, thereby opening a valve and per 
mitting the exact quantity of water to flow to the heat extracting chamber 
A double set of measuring chambers provides continuous measuring of 
both gas and water, so that there is no interruption in their flow through 
the instrument. The chambers are so calibrated that the rise in tempera 
ture of the water flowing through the heat extracting unit is .01 part of the 
B. t. u. content of the gas. 

The temperature rise is noted by two sets of thermometers, one, a pait 
of carefully selected mercurial thermometers, and the other, electrical 
resistance thermometers, used in the operation of the recording mechanism. 
The mercury thermometers provide a ready and accurate means of checking 
the accuracy of the recorder, thus obviating the necessity for running a 
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“cold balance” (operating the calorimeter with no gas burning in order 
check the zero point). The recorder is the temperature differential recor 
manufactured by the Leeds and Northrup Company. 





The water used in t 
(= = > calorimeter is kept at a ur ( 
= form temperature by mea: 
of thermostatically contr 
led cooling coils connect: 
to a small supply of flowi 
water. Careful insulatio: . 
of the heat extracting u1 
eliminates errors whi 
might be caused by var 


tions in room temperatur q' 
Because of this const 
temperature of the water if 
| and insulation to prevent tt 


radiation, the rise of ter 
perature of the water flow 
ing through the calorimet: 








| is directly proportional P 
the heating value of the gas 7 
Correction for change ! 
in atmospheric pressur: a 
and the small variatior - 
fu which may occur in the 
temperature of the meas 
ured gas, are automatically cl 
made by a mechanism which varies the water to gas ratio directly with the " 
changes of the quantity of gas due to the variation in its temperature at ul 
pressure. In this way, these variations are automatically compensated, and 
the record produced on the recorder chart gives the total heating value of a 
the gas being tested in British Thermal Units per cubic foot of gas at st 
dard conditions of pressure and temperature. St 
The Burgess-Parr Recording Gas Calorimeter possesses several advat 8 
tages over other gas calorimeters, the most important of which is the cor “e 
tinuous and accurate record which is automatically produced, and whos ; 
accuracy can be readily checked by means of the mercury thermomete: 
Another unusual characteristic is the relatively small lag in the operation : 
the instrument, i. e., the short time required before a change in the qualit: . 
of the gas entering the instrument is noted on the record. The chang 
is indicated by a movement of the recorder pen within two minutes of thi . 
time the change occurs, and the entire change is completely recorded 11 t 
trom seven to nine minutes. This is of especial importance when it a 
desired to control the calorific value of the gas either manually or by meat 
of a regulating valve. ‘ 
: 
Other advantages may be listed as follows: ~ 
Rr 
The displ OM i e 
4) The w , ~ ere : ai 
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The Thomas Calorimeter 
(Cutler-Hammer, Inc.) 


UALITY measurement is of equal importance with quantity measure 
ment for economical gas production. By close control of gas quality 
it is possible to effect economies in plant operation a1 


d improvements in 
ervice. 

The Thomas Calorimeter provides close control by giving a continuous, 
.ccurate and reliable record of the total heating value in B. t. u.’s per cubic 
foot of gas at 30’ and 60°F. saturated without any manipulation, corrections 
or computations whatever. Thus executives, superintendents and those 
interested are enabled to check carefully performances, plan improvements, 
quickly correct faulty operations and maintain uniform quality. 


The Thomas Calorimeter is used chiefly to determine and record the calor 
ific value of water gas, coal gas, blue gas, producer gas, natur il gas and mix 
tures of these gases. 


In operation of water gas machines, accurate and continuous knowledge 
of the heating value of the gas is of material assistance toward economical 
production in controlling the enrichment oil and cleaning of machines for 
coke oven and coal gas plants. More uniform quality of gas will result from 
pressure control in accordance with calorific values. It is further desirable 
to supply the fuel gas to coke ovens at such rates that a constant quantity 
of heat is supplied in unit time, necessitating continuous and reliable 
measurements as well as quantity measurements. 


In present day practice many gas plants have a constant supply of pu 
chased coke oven gas or coal gas of their own manufacture, with carburetted 
water gas being made of such quality and in such quantity as to control 
the heating value of the mixture and to care for peak load demands. Close 
control with other than continuous calorimeter records is impractical fot 
economical operation. 

The Calorimeter is a self-contained instrument requiring no arbitrary 
settings from other calorimeter readings. The results are continuous and 
graphically recorded, and can be shown at one or more points in the plant 
as desired. Testing means are provided with the instrument to check 
readily its accuracy. Once properly set up the instrument will maintain 
its calibration for long periods, requiring only occasional oiling, replenishing 
of water in the auxiliary tank, cleaning the burner and changing recorder 
charts. 

The heating value of the test gas is determined by imparting all the heat 
obtained from the combustion of the test gas to a stream of air and measuring 
the rise in temperature of the air from the heat absorbed. The streams of 
test gas and heat absorbing air are maintained in fixed proportion to each 
other by metering devices geared together and motor driven. Consequent 
ly the temperature rise produced in the heat absorbing air is directly pro 
portional to the heating value of the test gas without regard to the actual 
rate of gas burning. This temperature rise is translated into B. t. u.’s pet 
standard cubic foot and recorded graphically. 

The use of air as the heat absorbing medium in the Thomas Calorimeter 
eliminates the necessity for making corrections for variations in room temper 
ature and pressure since the heat absorbing air and heat imparting gas are 
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Wiring Arrangement of Thomas Calorimeter 
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Arrangement of Piping and Meters for Thomas Calorimeter 
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, to prevent building up of any pressure in the caamber from which the 
s is pumped by the gas meter. The gas at approximately atmospheric 
essure 1S pumped through suitable piping to the mixing chamber, where 

nixes with the air supplied by the combustion air meter. From there 
» mixture of air and gas enters the burner, where combustion takes place. 
) insure complete combus tion, secondary air is supplied direct to the flame 
t point of combustion. The products of combustion then pass out of the 

‘ttom of the burner after having given up their heat to a stream of heat 

ssorbing air. The direction of flow of the latter through shes: burner is 

inter to that of combustion gases. It will be noted that passages of the 
eat absorbing air are entirely separate from the combustion flues and to 
prevent heat losses a polished double walled tube is fitted around the burnet 
icket, which is in turn jacketed with the heated air. 

The nickel resistance thermometers are connected with the recording 
nstruments. The thermometers form 2 legs of a Wheatstone bridge, with 
2 fixed resistances serving as the other legs. A slide wire resistance serves 
to balance the bridge, the amount of resistance necessary to bring about 
balance being an indication of the temperature difference between the 2 
thermometers. Accordingly the position of the slide wire is an indication 
vf f the B. t. u. value of the gas. 

In ination, the galvanometer needle is clamped periodically between 2 
pivoted levers. Any deflection to the right or left of the neutral point 
indicates an unbalance of the system and causes these levers to operate 
clutch mechanism which moves the slide wire the proper amount to again 
produce balance. The position of the slide wire is recorded on the chart 
in B. t. u.’s per standard cubic foot. 


1 ( 


The Johnson Recording Gas 
Calorimeter 


(Gas Producer & Engineering Corp.) 


HE Johnson Recording Gas Calorimeter is an instrument for contin 

ously recording the heat value of gas. hee of the fact that the 
majority of gas calorimeters are not automatic, requiring laborious calculat 
ing and reading to obtain the heat value it will serve a long felt want for an 
iccurate automatic recording apparatus. 

The gas producer operator without a means of determining the quality 
of his product cannot deliver a good gas continuously. A poor gas means 
wasted coal, wasted effort of labor and curtailed production. To insure 
against loss of these 3 essentials the gas producer operator should be able to 
determine instanteously the calorific rales of the gas as it is being produced 

Because it is a recording instrument the trend of the gas quality is bre ught 
to the attention of the operator and enables him to neceny it once a condi 
tion that is the cause of poor gas. Furthermore it enables the operator to 
determine what operating methods and which fuels are the most effective. 

The instrument is provided with a time punch for showing the times pet 
day that readings have been noted by the operator 

The Johnson Calorimeter is very sensitive and instantly records iny 
slight variation in the quality of the gas. The dial of the instrument is 12” 
in diameter, consequently showing a large variation for a slight ite inge in the 
thermal value of the gas. 
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Owing to the peculiar design and construction of this instrument 
retains its accuracy after having been in continuous service, which is 
great advantage over others on the market which lose their adjustment ver 
rapidly and require frequent recalibrating. 
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The instrument is of rugged construction and simple with practicall; Ms 
no moving parts. The attention required in operating the instrument 
consists in changing the chart once every 24 hours, filling the pen with 11 : 
ind winding the clock FA =f . 
in 
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It can be used for hot or raw gas as well as clean producer gas and es 
pecially serves a long felt want for hot type producers which heretofore hav 
been dependent on the unreliable and inaccurate method of endeavoring 
to determine producer conditions by taking the temperature of the gas 
leaving the producer. 

The gas is delivered to the calorimeter unit at line pressure and rut 
through a special filter to the calorimeter governor or reducing valve. Th 
gas is here reduced to a constant low pressure and delivered to the inspiratot 
where it entrains the air for combustion. The heat of the gas flame and 
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roducts of combustion are carried through the horizontal cone past 
oot bulb which actuates the arm of the recording instrument. As the 
‘4s is considered to be at the same temperature, density and pressure at the 
nspirator, it will entrain a definite amount of air at all times, thus the volume 
f mixture entering the burner will be the same regardless of the B. 

lue of the gas. If the heat value of the gas varies, the heat of he ie 

sroducts passing the bulb will vary and s show on the chart. This chart has 
been cambully calibrated after a series of tests and in actual practice the read 
ings have proven to be reliable and give a permanent moe of the gas 
juality for future reference. The design of the instrument is such th - it 
has only 1 moving part and consequently the maintenance cost is exception 
lly low. 

The instrument is manufactured for use with blast furnace gas, bench gas 
oil gas, water gas, coke oven gas and natural gas. 


Boys Recording Gas Calorimeter 
(Griffin & Tatlock, Ltd.) 


HE Boys Recording Calorimeter is designed to obtain a continuous 

record of the gross calorific value of gas in relation to the volume, which 
the gas would occupy if it were measured at standard temperature and pres 
sure, (60°F. and 30” of mercury), and saturated with water vapor. 

Bath water and gas are doled out positively at the correct rate, and the 
correction for gas volume as affected by temperature, pressure and contained 
water vapor, is also affected by a positive operation. 

The Boys Recording Calorimeter is independent of outside water — S 
in that means are provided for cooling and re-circulating the water whic 
has passed shea the various 
parts of the instrument. Water, 
distilled or well-boiled in the 
first instance, is pumped con 
tinuously from a lower tank, of 
about 10 gallons capacity, to an 
upper reservoir in the form of a 
shallow tray. The water is 
pumped at a rate greater than 
that required to supply the 
instrument, and the excess re 
turns from the tray to the lower 
— tank by way of an overflow pipe, 
742 = which, being of glass, serves as 
an indicator of the adequacy of 
supply. From the upper tray 
the water passes by way of 
gauze filter through a loop im 
mersed in the water of the meter, 
to a nozzle from which it emerges 
in the form of a jet. The jet 
is intercepted at regular intervals 
by a measuring device which, 
when a certain quantity has been 
delivered, discharges this quan 
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tity into the front compartment of a divided water-tray, after which th 
is directed into the back compartment of the tray. 


The water from the front compartment of the metal tray passes to 
through the calorimeter and is then discharged into the lower tank, on 
way passing through a radiator cooled by a fan driven by a hot-air engi 
which also actuates the pump. 


The water from the back compartment of the metal tray passes ove N 
small overshot water-wheel which turns once every 4 minute, and wh re 
supplies the motive power to drive the escapement wheel of a clock, 
also other mechanism controlling the measurement of the gas. It is th th 
discharged into the lower tank whence it is pumped, together with the c 
ed calorimeter water, to the upper tray. 


Water Measurement. The water passing to the calorimeter proper 


W 
doled out positively and accurately at 14-minute intervals by a tippi 
bucket carried pivotally on a counterweighted balance beam, which be 
is supported in a condition of unstable equilibrium. It 
rie 


The weight of water delivered by the bucket is such that, for a given 
clared value, a rise of 10°, ensues when the gas, at. its declared value, vil 
burnt at a rate which corresponds to 14 cubic foot per hour under standar 
conditions. mi 


This weight of water will therefore vary with the declared calorific \ 


and can be determined by the application of the following simple rule ret 
To the figure repr ting the B. t. u.’s per a 1d 59% bt 
2. Divide the result by 10. , 
br 
The resulting figure, in grams, is the weight required. Thus, for 
declared calorific value of 500 B. t. u.’s per cubic foot, the required weight for 
is 52.5 grams. The balance beam is provided with a 10-sided counter 1s 
weight and a lock-nut upon a screwed tail. The counter-weight and loc! 
nut together weigh twice as many grams as the screw on which they ar no 
carried has threads to the inch, and the trunnion axis of the bucket is plac po 
2 inches from the knife edge of the balance beam; consequently 1 turn ot inc 
the weight and lock-nut corresponds to 1 gram in weight of the contents ot thr 
the bucket more or less according to the direction of turning. The faces 
of the decagonal weight are stamped 0 to 9, so that each unit of these nu: “ 
bers corresponds to 1/10 gram in 1 tilt of the bucket. oi 
The water is delivered to the bucket in the form of a continuous horizo1 
tal jet, parallel to the axis of the balance, which strikes a tubular receivin rac 
spout attached to the lid of the bucket. When the correct weight of wate! | 
is in the bucket, the balance beam falls and since the beam is in unstab by 
equilibrium, when once it begins to fall, it does so with acceleration and tl mo 
spout clears the water jet. the 
The movement of the balance beam is restricted by 2 stops, and in orde 
that the balance may weigh correctly the bucket contents it is essential that yor 
the bucket should not tip or begin to tip on its own account until the balan: — 
beam has tilted and has been arrested by its upper stop. not 
r 
Soon after the water begins to run out of the bucket, the latter tends t the 
right itself and is then arrested by a pawl which engages the pouring 1: 1.0 
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the bucket. The pawl is disengaged and the bucket thus released, by 
the impact of a push rod actuated by the water-wheel, once every 14-minute. 

The rate of water-flow from the nozzle should be so adjusted that the 
ucket is filled in from 14 to 15 seconds. The water delivered by the bucket 
passes out of the front compartment by way of a sunken orifice, and the 
low from the orifice should cease shortly before the next bucketful of water 

available. This intermittent flow insures that a definite quantity of 
water passes from the compartment and the effect of the fluctuation on the 
record is invisible. 

Gas Supply. The gas is brought from the service pipe to a governor and 
thence to a T, where one portion passes to the burner of the hot-air engine 
ind the other portion passes to the meter by way of a controlling orifice and 

saturator. The governor should be so adjusted as to reduce the gas 
pressure to from 0.8-1.0” water, and each arm of the T should be provided 
with a tap. 

Gas Measurement. The Boys Bell Meter is of 1/40th cubic foot capacity 
It is designed to dole out the gas at the desired rate by positive volume 
measurement and at atmospheric pressure, and it is also its own governor. 

Correction for Gas Volume. Correction for variation in gas volume is 
applied directly in the form of proportional variation of the meter rate. 

The meter axle, and consequently the meter drum turns once every 3 
minutes when the gas volume is 1.000. When the gas volume is greater 
or less than 1.000 the meter axle turns faster or slower, the acceleration or 
retardation being so controlled as exactly to compensate for the variation in 
gas volume. 

The motion of the cylinder is determined by the position of a Hoffmann 
bronze ball which itself is determined by an air-ball over mercury and water. 

The air-ball actuates a fork astride the ball, which moves backward and 
forwards along the trough formed by the cylinder and the face of the dis« 
as the ball rises or falls. 

The disc is turned continuously, and when the Gas Volume is 1.000 and 
no correction is necessary, the ball is located so as to rest against the center 
point of the disc. In these conditions no motion is transmitted to the cy] 
inder, and the drive from the water-wheel to the meter axle is wholly 
through the epicyclic gearing, and the integrator is motionless. 

If the ball is on the side nearer to the epicyclic shaft the cylinder will 
rotate in a counter clockwise direction, and, through this epicyclic gearing, 
will retard the axle rate, and vice versa. 

For a change of gas volume of 10%, the ball moves 1 inch, equal to the 
radius of the cylinder, and in proportion for other values. 

The fork which directs the rolling of the ball along the V-groove formed 
by the inclined disc and the cylinder of the thinking machine, carries a pen 
moving over a scale of gas volumes, so that the gas examiner can observe if 
the air-ball is correctly placed in its annular bath. 

The scale of gas volumes is affixed to a recording drum with an epicyclic 
and.worm drive which converts a rotation of one turn a minute into one of 
one turna month. The circumferential lines on the record sheet are spaced 
at intervals representing 1%. the middle line showing the position of the 
pen when the gas volume is 1.000. When the gas volume is less than 1.000 
pen should be on the near side of the middle line and when greater than 

1.000, on the far side. 
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Junkers Automatic Calorimeter 
(Junkers & Company) 


HE Junkers Automatic Calorimeter operates exactly like the sir 
calorimeter for gas and liquid fuels so that this description will be « 
fined to the automatic calorimeter. 
The heat set free by the burning of the gas is steadily imparted to 
tinuously flowing current of water. Thus all the sources of error of indi: 
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measuril 


ng instruments, especially to those as require adjustment by me 
of direct measuring apparatus, are avoided. The formula for determini 
the heating value is as follows 
H a td where H is the Heating Value, W is the Quantity of Water, G is t 
Quantity of Gas, and td is the Rise in Temperature 
Previously for the determination of the heating value, it was necess 
to read the quantity of gas at the gas meter, measure the quantity of wat 
determine the rise of temperature of the quantity of water, by readings 


the thermometer. 





Y 
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The Junkers Automatic Calorimeter is constructed so that the quotient 
WV /G from the above formula, that is the ratio of the quantity of water t 
the gas, is constant. The heating value H=k x td is therefore 
ear function of the rise of temperature td, the latter thus being a direct 
lication of the heating value. 


Ww 
The quotient g is held constant by directly connecting the gas meter 


t of 
I 


the water meter, being specially constructed for this particular purpose 

such a way that the burnt gas quantity per time unit or the gas quantity 

revolution of the gas meter always corresponds to a certain quantity 
f water, flowing through the calorimeter and the change of one causes 
rresponding change in the other. 

The rise of temperature td, however, is not determined by reading the 
thermometer, but by means of thermocouples built into the upper part of 
the calorimeter (10), the hot ends of which lie in the current of cold and hot 
water. The direct reading is made fromacalorific scale, on the galvanometert 

The use of the thermoelectric measuring system has the adva 
the reading can also be taken distance from the calorimeter and in sever 
places at the same time. 

A valuable attribute of the Junkers Calorimeter is the ease of conti 

e., the calorimeter itself also permits the determination of the heating 


value by the old method, consequently the determination of the quantity 
of water and gas and the rise in temperature of the water The automatic 
indication may therefore always be tested for accuracy. 

The instrument for continuous and automatic testing of the heati; 


value consists of: 
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Wa ete and ¢ 2 g 

5 I lal 
Supply regulator (7 ha the wa a 
wl v1 k f 

Supply regula 8) for a , x x 
Two gas f ire regula 4 1(1 which hold the 
vithin certain limits 

Thermocouple, fitted into the upper part of the calorimeter with 
Tu thermometers, for the inflowing and outflowing wat 
Safety-device (4), automatically shuts off the gas “ hen the water s Iipply f 8 
Milli tmeter (41) ar j 40), 4 ] tor rder 


The water pipe must be connected at (6). The water flows to regulator 
7) which regulates the quantity of flowing water. Another delicate 
regulation will be carried out by the regulator(8), whereupon the water 
runs into the water meter (1) and after passing through a comparison vessel 
9) it flows into the calorimeter (10), where the water is being heated. The 
water proceeds into the safety device (4) through the pipe (11) and is dis 
charged at (13). The circulation of the water is started and stopped by a 
cock at the front of the calorimeter case. 

The gas is connected at (15); it passes through the pressure regulator (14) 
into gas meter (2) and from there to a second regulator (17), then to burner 
18) which is placed into the calorimeter after lighting. The gas flow is 
started and stopped by gas cock (19). The thermocouple is mounted in 
the upper part of the calorimeter body (10); the terminal screws (20) and 
21) are the cold junction. 

Safety-device 4 is installed to prevent damaging the Calorimeter by burn 
ing flame, in case the water is stopped for any reason. It also avoids the 
passage of unburnt gas when the gas comes on after an interruption in the 
gas supply. 
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The Beasley Recording Gas 
Calorimeter. 


(Sarco Company) 


N previous gas calorimeters, the “high” value is ascertained and the * 
value is derived from the “high” value by condensing the product 
combustion and measuring the water of condensation—a method whi 
; 


distinctly liable to lead to errors. In this calorimeter the net val 


— oA Aire 
iscertained dl rect 


Another important improvement is that this calorimeter records. It 
one of the first recor 
calorimeters to be placed 
the market, and when 

started requires no attent 
beyond the periodical 

moval of the record chart 

the winding of the clock 
a week.. The advantag 
obtaining a continuous 1 
without any trouble, over 
old system of testing a sar 
of the gas once a day, wit 


: . : 
good deal of trouble and 


t 


e 


out. 

The principle of the c 
meter may be briefly sum: 
ized thus. The gas is bu 
within a well-radiated ct 
ney, and the working of 
calorimeter depends upon 
fact that the average rise 

temperature of this chim 
is proportional to the 
developed by the flame. This chimney contains an annular chan 





which forms one limb of a U tube, the other being a simple tu 


maintained at atmospheric temperature. The U tube is filled with oil, 
as both limbs terminate in tanks, it is possible, by means of floats and suit 
pulleys, to indicate and record the difference in level between the two li 
of the U tube, caused by the expansion of the oil in the hot limb. 

illustration shows the general design of the instrument. the chimney 
the “cold” limb being connected through to tanks which are contained 
glazed and polished case together with the clock and paper gear and ot 
apparatus, the whole being fitted on a cast iron base and back. 


In a recording gas calorimeter it is obvious that the flow of gas must 
automatically maintained at a constant and pre-determined rate, if accu 
is to be attained. To effect this, it is first necessary to control the press 
by means of governing apparatus, so that in spite of variations at the 11 
of the governor, the pressure at the outlet remains constant. This in it 
is not, however, sufhcient, for if no other method of regulation were | 


is too obvious to need point 


Sm 





en 
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ed, the quantity of gas passing would be controlled by the size of the 
rifice whence it issues, and the pressure; and the rate of flow would con 
-quently vary with the specific gravity of the gas, rendering the record of 
e calorimeter uncertain and misle: ding. To overcome this difficulty, a 
ecial regulating test-meter is provided, with the measuring drum geared 

, pendulum escapement. The drum of the meter drives this escapement 
ist as the spring of the clock drives the clock, and in the same manner as a 
ck escapement controls the speed of the clock, so the escapement attached 
this meter controls the speed of the drum, thus ensuring a constant rate 
f flow, unaffected by variations in specific gravity, or, in fact, any other 

ght fractional or pressure variations in the apparatus. 

The analysis of a sample of the gas, or the making of a single test of its 
calorific value, may give some idea of the quality of the gas at the moment 
he sample is taken, but the recording calorimeter shows accurately what the 

ality of the gas has been all the while, from the time, the trouble began 

nti it ended, and onwards. 

The instrument is as well adapted for producer as for coal gas, only a few 
modifications being necessary. In the first place, the calorific value of 
producer gas being much less than that of coal gas, a larger quantity is used, 
ind the regulating test is, consequently, of considerably larger capacity, 
while the governing apparatus is of a different type, and is specially designed 
to facilitate cleaning, should the working parts become clogged with deposit 
For the same reason the connections are all of ample bore. It is, of course, 
necessary to prevent, as far as possible, tarry vapors condensing in the ap 
paratus, and this may be done in any convenient manner, but, if desired, a 
small scrubber can be sent with the calorimeter. If reasonable precaution 
is taken, there should be no trouble on this score, as the instrument is so 
designed that any moderate amount of condensation will not effect its 
working. 

The calorimeter is also made without recording mechanism, to indicate 
only, by means of a pointer and a scale, and this form is arranged both for 
producer and coal gas. The clock and paper-driving mechanism are, of 
course, omitted, but in other respects the calorimeter is exactly the same as 
the recording instrument. Where the indicating instrument is in use, it 
should be kept running, and in this way the calorific value of the gas can be 
observed at any time, although of course no permanent record is made. 


—r— 


Below are given descriptions of Bomb Calorimeters. 


——r 


Baird & Tatlock Bomb Calorimeter 
(Baird & Tatlock, Ltd.) 


HIS calorimeter embodies several new features which make for in 
creased ease and efficiency in working. Among them is especially 
mentioned the following: 
1 All metal parts of the bomb including terminals, valve spindle, 
unions etc., are made of highly polished stainless steel. 
2 An improved method of forming the joint between cover and bomb 
entirely dispenses with the use of a heavy metal spanner. After screwing 
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on the cover a slight twisting movement wit 
small pin spanner is all that is necessary to as 
a perfectly gas tight joint. 

The Bomb is in 3 separate pieces with all me 
parts including ignition wire and crucible suppor MA 
terminals, valve spindle, etc., formed entirely 
stainless steel. Every part both inside and out 
the bomb being worked perfectly, smooth 
highly polished. The cover is held on by a ur 
nut so as to avoid rotation 
tearing of the joint ring 
provided with a series of 
around its periphery for the | 
ex. spanner. The inside surface 
cover and upper edge of the bi 
are backed by a_ tongue 
groove joint provided witl 
patent composition washer 
the merest turn of the cover 
by means of the spanner is 
cient to render the bomb absolutely pressure tight. ‘The cover carries t 
supports for crucible and ignition wire, and oxygen admission valve, 
insulated firing plug, and two terminals for connection of the battery wit 
The crucibles and wire supports consist of stout stainless steel rod fitt 
with a special device for quickly and securely fixing the ignition wire 


position. The admission of oxygen is controlled by an improved forn 
c 




















fine adjustment valve which is fitted with a stout spindle terminated | 


he id. 


] 


| > Ilo 
irge milieG 





The connections between oxygen cylinder and bomb consist of tl 
walled copper tubing fitted with unions, pressure gage on stand 


=< 


adjustment valve with union for oxygen cylinder. tr 
The containers consist of an inner polished copper cylinder mounte 

an insulated stand and a large water jacketed outer vessel felt covere pla 
chromium plated as described on which is mounted the stirring gear, t loo 
stirrer being arranged to work either by hand or power. An ebonite « t10 
with 2 terminals and a fixing key is fitted to the outer container and cyl 
vides a convenient means for making connection between the bom! bOI 
ignition battery. The inner vessel contains a stainless steel frame on w! ul 
to stand the bomb in order to keep it from contact with the bottom si 
slides of the vessel. Fittings to hold the thermometer and reading let e 
carried on one of the vertical rods tht 

oTa 

Tt 


The Burgess- Parr Oxygen Bomb fo 
Calorimeter La Re 


(Burgess-Parr Company) ye 

se 

HE Burgess-Parr Oxygen Bomb Calorimeter, either the standard dra 
adiabatic type, is a recognized precision instrument for making calorif lec’ 
determinations of solid or liquid fuels, foodstuffs, or other combustibl Ci 
It is a modification of the Atwater type calorimeter, in which a weigh prc 
quantity of the material being tested is ignited in an atmosphere of compre if t 
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ygen, the resultant heat being absorbed by a known quantity of water, 
- rise in temperature of which is determined by a special calorimetric 
ermometer, from which is calculated the heating value of the combustible. 
nstrument meets the s pecificé itions or the American Society for Testin g 
M catia 1927, Serial Baclacanion 271-27, and has found wide ap plication 
American industry. 
Oxygen Bomb Calorimeter, Standard Type. The outstanding feature of 
Oxygen Bomb Calorimeter is the bomb, which is made from a solid 
sting of Illium, an alloy developed primarily for this purpose. The com 
stion of fuels, especially coal, in an atmosphere of oxygen, generates both 
itric acid and sulphuric acid, thus making it essential that the bomb be 
nstructed from some material which will withstand corrosive attack 
Ilium is such a material, and has the added advantages of great strength and 
ichinability. 
The use of Illium for the construction of the bomb eliminates the neces 
sity for linings, which, at best, possess distinct disadvantages. Because 
the bomb is made of 1 piece, it is impossible for the acids produced by the 
combustion to be in contact with anything but the bomb’s inner surface 
[llium, platinum, and gold are the only materials universally recognized as 
suitable for calorimeter bomb construction, and the former is to be preferred, 
ince its solid construction eliminates all material which might be attacked 
the acid, thereby destroying the accuracy of the bomb. 
The bomb cover, too, is made of Illium, as is the fuel capsule held within 
the bomb. At the center of the cover is a valve, also of Illium, by which 
eans the compressed oxygen is admitted to the bomb. The valve is so 
nstructed that the gas is entrapped within the bomb until it is desired to 
remove it after completing a determination, when a slight pressure on the 
valve opens it, and permits the gas to escape. 
The cover is held on the bomb by means of a steel screw cap, sufficiently 
strong to withstand the pressures developed during combustion. 


As normally, operated, the charge is carefully weighed, after which it is 
placed in the fuel capsule, the fuse wire is attached to the bomb cover and 
looped so that it will touch the charge, and the cover is then placed in posi 
tion and tightened down by means of the screw cap. Oxygen from a 
cylinder is then introduced through the valve in the cover, after which the 
bomb is placed within the water container, in which has been poured a 
carefully measured volume of water. This water is uniformly circulated by 
a stirring mechanism to insure uniformity of temperature, which is noted by 

special calorimetric thermometer placed in the water and extending 
leteenh the top of the calorimeter. In the standard type instrument, the 
gradual change in water temperature immediately before, and immediately 
after a determination, must be noted, from which is calculated the correction 
for radiation. After noting the gradual temperature change, the charge 
is then ignited by means of an electrical circuit through the fuse wire 
Readings of the thermometer are taken every half minute until the maximum 
temperature rise is determined, after which the final radiation correction is 
determined by another series of thermometer readings. The gas is then 
drawn from the bomb, the bomb is opened, and the acids formed are col 
lected for titration. Since there is a known heat of formation of these 
ids, it is necessary to determine the amounts present in order to make the 
proper correction. It is here that Illium plays such an important part, for 
if the acid should attack the bomb, errors would result from (1) improper 
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acid determinations in the titration, (2) improper heat formation becau 
the acid’s attack on the bomb, and (3) improper water equivalent of 
bomb because of its change in weight. The Illium bomb entirely elimi: 


the possibilities of these errors. 


The heating value of the substance is determined by noting the tem, 
ture rise of the water, and by making the proper corrections for (1) fuse v 
(2) radiation, (3) thermometer corrections, (4) acid titration, and (5) sul; 
content. From this data, and from knowledge of the quantity of « 
used, and the water equivalent of the metal parts of the calorimeter, 
heating value is readily computed. 


The calorimeter jacket is constructed of 2 cylinders of laminated bak 
between which is a dead air space which effectively limits the radiat 
The bottom of the jacket, as well as the cover, is also made of 2 piec 
bakelite which enclose an air space. The jacket cover is firmly hel 
place by means of 2 spring clips. Power for the stirring mechanis: 
supplied through a pulley above the cover, which is rotated at a unifi 
speed by means of a small electric motor. The thermometer supplied wit 
the instrument is made from thoroughly annealed glass, and has the m 
facturer’s certificate of accuracy and a correction chart showing what s: 
variations from perfect accuracy may exist. The use of this special ther eve 
meter is of great importance in calorimetry, as an error in the readings of th vid 
thermometer are multiplied several hundred times in arriving at the { 
calorific value. ifti 

Oxygen Bomb Calorimeter, Adiabatic Type. In calorimeters of the u 
type having jacketing walls of bakelite or other insulating material, there i: 


heat interchange between the interior of the instrument -_ 
the surrounding atmosphere. _» Although an insulated constru ‘ 
tion of the most effective type 7 may be employed, there yet 3 
remains the necessity of taking | i heat losses into consideratior ae 
and of making the necessary S corrections for radiation, if = 
high degree of accuracy is to be secured. While the p 
cedure for arriving at these | corrections has been well work 7 
out, and exceedingly accurate | } results may be obtained, tl calo 
method, nevertheless, requires # |} § some degree of skill, time, 

li 
ther 
reat 

t ir 
It is 
nece 





care in manipulation. Therefore, the advantages can readily be appreciated by ¢ 
in an instrument so constructed as to secure adiabatic conditions within the cour 
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ratus, thus avoiding heat leakage and the consequent necessity of 


rections. 


[he interior of the instrument, or calorimeter proper, is similar to the 
dard Type Burgess-Parr Oxygen Bomb Calorimeter, and is completely 
irrounded by jacketing walls through which water is circulated under 
- control of temperature. Therefore, by maintaining the jacket at a 
perature corresponding with that of the interior of the instrument, all 
t losses due to radiation are eliminated. The water container, which 
the bomb, is located within a casing, so fitted to allow a minimum of 
nace between them. Surrounding the casing is the jacket into which 
rmometer extends, and through which water is circulated. An exact 
perature control of this water Is obtained by means of hot and cold water 
inlets located at one side of the calorimeter. By means of a rotary pump, 
which also includes a horizontal stirrer, a portion of the jacketing water 1s 
jirected upward into the cover, through which it flows, thence returning to 
the jacket. Circulation is very rapid; consequently, in the equalization of 
emperatures, the effect of lag is reduced to a minimum. 


In opening the calorimeter, the entire cover is lifted slightly by a cam with 
sr attached, after which it is swung to one side. A locking rod is pro 


vided which makes it impossible to swing the cover until the thermometers 


ire lifted free from the main body, thus insuring them from breakage. In 
lifting the cover, the driving pulley, which operates the stirrer in the water 
container, is automatically disconnected from the driving shaft. The 


temperature regulation by means of hot and cold water inlets results in an 
excess of water which automatically drains through outlets. 


The jacket is made of laminated bakelite, molded into a box form, and 
having a highly polished black surface exposed. The metal parts (except 
the Ilium) are heavily plated. 


[his type of calorimeter employs the same Ilium bomb used in the Stan 
lard Type, and thus provides every advantage which might be desired in a 


calorimeter. 


It is particularly well adapted for use in a chemical laboratory in which 
there is a regular routine of this type of work. Not only does the adiabatic 
feature save time by the elimination of the radiation correction factors, but 
it increases the accuracy by eliminating otherwise necessary calculations 
It is built so the inexperienced operator can readily acquire the technique 
necessary for exact work; and for the trained chemist, it offers a simpler, 
more rapid, and equally exact method for determining calorific values. 


The Burgess-Parr Peroxide 
Calorimeter 


(Burgess Parr Company) 
HE Burgess-Parr Peroxide Calorimeter is the present commercial 
development of the original Parr Calorimeter which was first marketed 


by the Standard Calorimeter Company in 1899. Since then it has, of 
course, undergone radical changes in design and has been improved in its 
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operation, but still uses the unique . 
gen for the necessary combustion }# 
which the charge is mixed. i 


This calorimeter was developed ld 
a bur 
mination of the heating value of 


. ff 
plications of it for the determina 
other fuels have been worked out I 
excess of sodium peroxide, and 

i 


quantity of potassium perchlorate 
celerator for the ignition process 


- ¢ > . 1] 
in a cup made of a special alloy 








principle of obtaining 
from sodium peroxide, 


primarily for the 

coals, but successful 
tion of calorific valu 
The fuel is mixed wit 
with a carefully we 
which serves as at 
The charge is placed 
steel, chosen because 
unusual resistance t 


ilkaline fusion resulting from the combustion process. The cove 

ignition wire attached is located and the bomb tightly sealed by a screw cay a 
The use of soft lead gaskets between the cover and “fusion” cup is re 

mended, as their use insures a tight seal, at the same time eliminating tl 

chance for organic material to be present to react with the fused perox 

Stirring fins are attached to the bomb, which is then placed upon 

within the water container. During the combustion process, the enti! 

bomb is revolved by means of an electric motor, thereby eliminating t 

necessity of a separate stirrer. Readings to determine the radiation f 

are made, after which the charge is electrically ignited, and the temper: 


rise noted in the usual manner. 


etc., together with the special corrections for the accelerator, hydrati 
the sample, etc. are applied to the readings noted. From this, the cal 


value of the fuel can be readily calculated. 


Because of the excess of oxygen present in the sodium peroxide, the r 
All of the sulphur pre 
These in turn combine wit! 
sodium salts to form sodium sulphate and sodium carbonate, respecti 
Because of this complete oxidation it is a relatively simple matter to dete: 
mine both the sulphur and carbon contents of the original sample fron 
fused material. Accessory apparatus, namely the Burgess-Parr Su 
Photometer and Burgess-Parr Total Carbon Apparatus, are used exten 


sultant products are completely oxidized. 


becomes SOs, and all of the carbon, COs>. 


to assist in making these determinations. 


a 
- - - | e 
The usual correction factors for radiation, burning of the ignition wi 
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The advantages presented by the Burgess-Parr Peroxide Calorimeter are 


llows: 
The original investment is low. 


2). The calorimeter is portable, as there is no need for the usual bull 
sen cylinder. 
3). Its operation is simple, and the instrument can be used successfully 
se not especially skilled in chemical analysis. This is of particul 
rtance for industrial control work. 

4). The resultant fusion from a calorimetric determination provide 
excellent basis for the determination of sulphur and total carbon in the 
il sample. The calorimeter can, of course, be used for this purp 

ne if the calorific value of the fuel is not required 
5). The calorimeter is guaranteed accurate within 0.5%. It is care 
fully made, all parts being machined to exact weights so that the water 


-quivalent of the metal parts is constant 
The use of this type calorimeter requires a careful control of the chemi 
eeded. Both the sodium peroxide and potassium perchlorate must be of 
highest purity, and must pass certain physical standardizations as well 
In this instrument, as well as in other types of calorimeters, the thermon 
eters used must be thoroughly dependable. To maintain their origina 
iccuracy, they must be made of glass which is thoroughly annealed before 


the thermometer is calibrated. The thermometers supplied with Burge: 
| ] 


Parr Calorimeters are put through an annealing process which require 
several months, and are made to rigid specifications 


The Rosenhain Fuel Calorimeter 


(Cambridge Instrument Co., Inc.) 


HE Rosenhain Calorimeter which 
is a simple instrument for the deter 
| mination of the calorific value of coal 
and liquid fuel, works on the well 


known Thomson principle, a sample of 


1 





Sarr 


coal, or an absorption pellet soaked 

with the oil under test, burned 
ate 

in a closed vessel under water. The 


being 



















| " q novel design and arrangement of the 
4 Calorimeter vessel and the combustion 
! chamber render this operation easy, 
| rapid and certain; the design also 
| | i secures that all the heat generated by 
7 the combustion shall be directly con 

| municated to the water of the 


calorimeter. 

Construction of the instrument. The 
instrument consists essentially of 2 
parts, the calorimeter vessel containing 
the water, and the combustion cham 
ber in which the coal sample is | 
The combustion chamber is formed of 
. a glass lamp chimney, closed at the 
— top and bottom by nickel-plated brass 


Durned 
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ti e-gauze nozzle is fitted to the end of this tubs 
vent the oxygen jet from breaking up the coal sample 

The combustion chamber communicates with the exterior 
of an aperture, thus permitting the products of combustion to p 
the vessel to the surrounding water. This aperture is closed 

lve which allows the gases to pass from the combustion chamber 
surrounding water, but prevents the water entering the chamber: 
rrangement 1s fitted by means of which the ball can be 1 1S€ 
llow some water to ent This water is then forced out by th« 
nd mixed with the rest of the water, thus insuring that the calorit 
its contents are brought to one temperature. To prevent radiati 
calorimeter vessel is enclosed in a wooden case, through oper 
sides of which the progress of combustion may be watched 

The advantages claimed for the Rosenhain Calorimeter are: Ai 
Practically complete combustion is secured, less than 16% of the 
escaping combustion. When combustion is properly regulated 1 
monoxide is formed. When burning oils the saturated pellets bur: 


pletely ind 1 ipidly, thus ivoiding the risk of some of the oil remait 


burnt in the absorbent pellet. Rapidity. A determination of the 
fic value can be made in little more than 30 minutes. The combusti 


gm of coal occupies about 10 minutes. Safety. No parts of the ap} 

1 1 1 1 1 11 . 

ire exposed to high pressure, and the risk of breakage is small. Lou 
1 j j 

experiment. A small quantity only of oxygen is required, and tl 


breakable part is a glass chimney, which can be replaced by an incat 
gas-light chimney for little cost. Ease of obs-rvation. As the sai 
under observation, its behavior as regards caking and cl 

studied. No stirring required. The water is agitated by the gas 


through it 


The Scholes Bomb Calorimeter 
(G. Cussons, Ltd.) 


HE bomb br dy, cove! ind most of the de ails ire made ol t 
steel, and are machined from the solid billet. The bomb is 11 
so that the cover forms the base on which it stands, and the ignit 
one of which acts as a support for the crucible cradle) are attached 
base. The upper portion of the bomb is thus in one piece, the |} 


which carries the charging and discharging valves, and the complete 
consists of 2 parts only, i. e., the body and the base. This design it 
1 rapid heat transmission through the head and upper walls of th: 
unimpeded by external attachments, such as heavy clamping nuts, 
ables the stirrers to fit closely to the body of the bomb, thus caus 
effective circulation of the water over the surface of the bomb. 

Gas Pressure Seal. The bomb is sealed igainst the escape ol 
or products of combustion by the use of a self-sealing rubber ring, | 
This ring fits in a chamber formed by a slight recess in the base and the 
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f the body of the bomb. The inner face of the bomb body projects 
nwards in the form of a spigot and so forms a chamber which is flooded 


water (placed in the bomb to absorb any nitric or sulphuric acid fumes 
by combustion of the fuel) just before the bomb is charged with 
This sealing ring is thus isolated from the combustion zone and 
t be damaged in any way. Since the sealing effect is produced by 
ressure of the contained gas only, the two parts of the bomb, 1. e., the 


ind the base, screw together by hand, and the use of large spanners, 


\ 


imilar metallic packing rings, and jigs for holding the bomb during 
process of assembling, is avoided. The confidence and ease of operation 
ned by this method of assembly facilitate the carrying-out of tests, and 
1, 


be found a distinct advance on other methods of sealing the bom! 








\ 

At the end of a test the bomb is taken adrift by hand, and due to the method 
embling it is impossible to damage the threads or to create any weat 
ifter prolonged periods of use. 
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Charging and Discharging Valve. The oxygen enters the bomb through 
spring-loaded non-return valve, and is discharged through a screw-down 
valve. By this means the trouble experienced with screw-down inlet 
valves, which necessitates the provision of a gland and stufhng box, have 
Steel or metal valves corrode and get dirty in use if required 


peen voided. 
to pass the products of combustion from the bomb at the conclusion of 
tests. In the “Scholes” bomb the non-return inlet valve passes clean 
xygen only, whilst the discharge valve is held in a separate fitting and does 
not require a stufhng box. Both valves are so arranged that they may be 
quickly taken out, if required. 
Crucible Support. The crucible is held in a cradle attached to a sleeve 
, 


which slides along and rotates about one of the ignition rods, Fig 
[he sleeve carrying the cradle is split and any degree of tightness of 
the sleeve on the ignition rod may be obtained. Particular attention is 
directed to the method used of attaching the ignition wire to the ignition 
rods. The wire used is 0.004 in. diamter, and it is customary in other 
ombs to obtain the electrical connection to the ignition rods by wrapping 

> ignition wire round the rods. This is not a positive method, and as it 
is difficult to make good electrical connection, occasional ignition failures 
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In the “Scholes” bomb the attachment of the ignition wire is simp] 
positive, and good electrical contact is assured. The ignition ro 
slotted at an angle to the centre of the rods, and sleeves having cham 
edges at their base are provided. One end of the ignition wire is | 
in one of the slots, and trapped in that position by sliding the sleeve 
over the wire. The wire is then led through the slot on the other ri 
similarly trapped by the corresponding sleeve. By holding this sleev 
pulling the surplus wire smartly upwards, the chamfered edge of the 
acts as a wire cutter and there is thus no waste of the ignition wire 
electrical contact is positive and no cases of ignition failure should ari 

Ignition Arrangements. The ignition rods, made of 3/16” di 
stainless steel, are comparatively short and hence very rigid and st 
Both are attached to the base, one passing through it and being insu 
from the metal of the base, Fig. 4. This insulated ignition rod tern 
in a fitting carrying a spring-operated brass plunger, which makes elect 


contact with the metal of the calorimeter vessel containing the measure 
amount of water. Examination of the diagram will show that the insulati 


packing used for this joint, where the rod passes through the base, i 
exposed to the flame of combustion as is generally the case, since it 1 
merged in the water used for the absorption of the acid fumes. Ther: 
consequently no leakage at this joint and the joint is not subjected to h 


The Emerson Calorimeter 


C. J. Emerson* 


HE heat of combustion calorimeter for determining the calorific } 


of solid combustibles graduated from the research or experiment 
laboratory approximately 30 years ago, entered the industrial laborator 
and since has progressively assumed more and more importance as an adjut 


to efhcient manufacturing. The elements of the calorimeter itself 

simple but in endeavoring to perfect the apparatus and methods of operat 
of the same, countless effort has been expended. This is because of the f 
that the results derived 
from the use of the calori 
meter are of extreme im 
portance and results 
which deviatejinthe'slight 
est from accuracy and ex- 
actness areunsatisfactory. 





*Emerson Apparatus Company 
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1930 INSTRUMENTS Page 1 
There are several types of calorimeters for use with solid combustibles 
the so-called bomb type is the most common. In this apparatus the 
istible is burned in a strong receptacle called a bomb in the presence 
excess of oxygen under pressure. The bomb is totally immersed in a 
known amount of water during the combustion and the resulting rise in 
temperature of the water is measured accurately with a suitable standard 
thermometer. The rise in temperature of the calorimeter water is the 
measure of the calories given off by the complete combustion of the known 
weight of combustible in the bomb. 

A demand for a calorimeter of the bomb type to be made in this country 
resulted in the birth of the Emerson calorimeter in 1908. Previous to this 
date, the greater part of bomb calorimeters in use in laboratories scattered 
ibout the country were imported from abroad although there were a few 
calorimeters of American make at that time. The calorimeters of foreign 
manufacture were rather expensive and repairs to these imported instru 
ments were difhcult to obtain and also costly. The American made calori 
meters were satisfactory for the intended purpose but were in no cases 
manufactured on a sufhiciently commercial scale to be available when needed 
by the customer. 

The Emerson calorimeter was designed with the intention of making an 
apparatus for the heat of combustion test which would be 



























































; 
practical, technical, and as far as possible, fool proof. The 
bomb to the outfit which is the heart of the apparatus was 
made by the union of 2 hemispherical cups joined to 
gether by a threaded nut. There are acids generated 
during combustion in a bomb and in order to prevent ad 

. ditional generation of heat over and above that given off 

i2 Wire Leaos wit by the combustible, the interior of the bomb should be 
ConwecrionsCommere . 

as + acid proof ol! 

« - otherwise it is 

JOTHERMOMETER CLAMP si aaa : 

ee ere necessary to make 

4N Cv Lil 

36G i correction to 

T36E offset the heat 

3 4 pam given out by the 

” \ iction of the acid 

° ad. 4°94 on the interior 

rr: +SanroR Te wall of the bomb. 

t as 

The Emerson 
bomb is fitted 
nos 5 with removable 
a 7 TVALVE COMPLETE 1 1 } 
f see, EXCEPT HAND WHEEL linings and the 
7 . oe 
23 Recuuar JacxerComere acid proof lining 
208 WITH GLASS JAR LINING found to be most 
9A*) , > 
fs " satisfactory aTe 
200) _— ROSINGLE Vaive Bome > ; lle 
Canenre the gold rolled on 
—_ silver sheet spun 
i t to closely fit the 
= leas interior and the 
INE 
as ; vitreosil linings 
bar Ma 206 
- * which are the lat 
Jit 23-K-GLAS5 JAR ' 
ror REGULAR JACKET est development 
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The bomb when under test, as above stated, is fully immersed it 
in the calorimeter bucket and surrounding the whole is the calor: 
jacket. There have been many types of jacket developed which were 1 
designed either to prevent radiation from the bucket or to establis! 
conditions between the bucket and its surroundings which would 
permit accurate computation of the amount of the heat exchange bet 
the two. The Emerson calorimeter jackets are of 3 designs. The r 
jacket consists of a cylindrical glass jar as an inner lining carrying the | 
ind surrounded with a lagging of felt, the whole being carried in 
metal container. The glass jar acts as an insulating wall and prevents | 
appreciable heat from the calorimeter proper. The vacuum walled 
meter jacket is composed of a large size vacuum flask mounted in a felt 
container and the vacuum wall effectively prevents an exchange 
between the calorimeter bucket and the side walls of the jacket. 
Adiabatic type of jacket, in which radiation of heat from the calori 
bucket is largely prevented by carrying the jacket water through the 
rise in temperature as in the calorimeter, has been found satisfactor 
many operators and the Emerson calorimeter uses the Daniels Adi 
jacket for this purpose. The Daniels Adiabatic Jacket adds heat t 
jacket water by passing an electric current directly through the 
water it being necessary to use the alternating current type of circuit 


Water Jacketed Calorimeter’ 
(Gaertner Scientific Corp.) 


MALL Inner Vessel is 11.5 cm high, 7.5 cm in diameter and has a « 

of 500 cc. It is made of hard brass nickeled and polished on the 
side. The wooden support supplied with it, is made sufhciently | 
that the upper rim of the vessel comes closer to the cover of the water 


when it is placed inside. 


Large Inner Vessel is made of hard rolled brass and is nickel-plate 
polished on the outside. It is 20cm high, 12.5 cm in diameter and 
capacity of 21% liters. With it is supplied a wooden support for | 
it clear from the bottom and walls of the water-jacket. 


Water-Jacket is a double walled vessel of hard rolled brass, nickel 
and polished inside and covered by a felt jacket 1.3 cm thick, which 


tr 


is surrounded by a nickel-plated brass shield, and is attached to a t 


base. The felt covering serves to protect the vessel from temperat 


changes, while the plated and polished inner surface helps to dimini 
radiation correction of a calorimeter when surrounded by the jacket 
nickeled brass shield protects the felt and the base gives additional st 
and insulation. The water-jacket is 25.4 cm high and 25.4 cm in di 
over all; the space between the inner and outer walls is 3.5 cm. 
sockets are provided on top to attach the yoke of the apparatus for me 
cal equivalent of heat, and a tubulure is provided for inserting a thet 
eter and also for filling the water space. A stopcock at the bottom 
to drain the inner vessel, when used as an air-jacketed ice bath in conn: 
with the Bunsen Ice Calorimeter. The bottom, made of extra 
material to prevent damage, is reinforced in the middle, by a solid | 


brass. 


_ 


*For illustration see Page 25 
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he large stirrer is made of a flat ring of sheet brass, turned down at the 
r edge for stiffness, and has a brass handle long enough to pass through 
» in the cover of the water-jacket. The inner diameter of the ring is 
enabling large objects to be placed in the calorimeter without inter 
go with the stirrer. 
Cover for the water-jacket is made of heavy transite, a strong insulating 
rial similar to asbestos, and superior to the laminated wood formerly 
The transite cover is finished in durable dark green enamel. It 1s 
ed by a central hole 5.1 cm in diameter and by smaller holes for the pas 
f thermometers, clamping screws, stirrer, handle, etc. 


Roth Microcalorimeter 
(Franz Hugershoff, G. m. b. H.) 


ERETOFORE precision combustion bombs had a water equivalent 

of 2400-2800 gms, so that in order to obtain the usual re 
increase of 1.5° with a substance having a heat value of 5000 cal, 0.7-0.8 gm 
f the sample was required. To obtain a good determination i ut 2 gms 
were necessary. When determining the heat values of costly substances 
r where only small amounts of the sample is available, this is out of the 
question. The determination of the heat value in a calorimeter, though, 
is the only sure method for obtaining the data on organic materials 


Considerable experimentation has been carried out in order to devise a 
method of microanalysis. Previously to measure the small heat effects, 
the Bunsen Ice Calorimeter or a metal calorimeter with thermocouples was 
used. The Roth micro-bomb permits the measurement of the temperature 
increase of a water calorimeter by means of a Beckmann thermometer. It 
has a water equivalent of barely 600 gms, so that less material is required 
for 3 determinations than is usually required for one. Two models of the 
yomb are available: One is wholly constructed of V2A-Steel, the other is 
bronze with an acid resistant lining of silver. Both models are furnished 
in 3 parts. The various parts are so constructed that they go together 
easily, without forcing. The stirrer is driven electrically at 70 R. P. M 
It is built so that it provides sufhcient circulationbetween the feet and above 
the cover of the bomb. Constant stirring and the use of a reliable Beck 
mann Thermometer is essential. The reading should be taken at 14 minute 
ntervals. The accuracy is approximately the same as with the larger 
ipparatus*. The bomb is also suitable for the rapid determination of organ 
ic substances (carbon, hydrogen, sulphur, ash, or metals). Both models 
permit passing air through the bomb for the determination of vapor or 
gaseous combustion products. 


*Zeitschrift fuer Elektrochemie, August 1924 


Berthelot - Mahler - Kroeker 
Calorimeter® 
HE most generally recognized and reliable method for the determination 


of heating value of fuels is that first developed by Berthelot and Vieille. 


*A. Gallenkamp & Co., Ltd. 
Franz Hugershoff, G. m. b. H. 
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Numerous investigators, Mahler,! W. Hempel,” Kroecker, Klet el 
Langbein,*> Jacob®, and others deserve considerable credit for the de 
ment of the process as well as the bombs, in which the combustiot 
material in compressed oxygen takes place. 


In principle the method is as foll 
The so-called ““bomb” forms the sp 
which the fuel in suit i able form is testi 


ed oxygen. The 
well insulated 
with water. Thi 
with a stirring 
thermometer. 

ed electrically 

ing from the 
taken up by the wat 
up by the parts of 
equivalent of 
and substituted 















burning in compress 
container is set in a 
meter container filled 
tainer is provided 
ind a very sensitive 
ignition is accomplish 
As the heat result 
bustion is not wholly 
but a part also is taken 
apparatus, the water 
parts must be known 
calculations 


The weight of the water in the bomb and in the calorimeter, pl 
water equivalent, multiplied by the corrected temperature increase 
calorimeter water gives the combustion heat of the fuel, after correctir 
cooling, ignition and nitric acid. 

The bomb is made of steel with its inner surface covered with p! 
orenamel. More recently the bomb has been made of acid-resistant K1 
V2A steel. The lid is screwed on firmly. Through the lid pass tl 
trance and exit gas channels for the introduction of oxygen and for thi 
of the combustion gases. To prevent leakage a lead gasket is used betv 
the lid and the body. The platinum wire pole passes through the « 
of the lid. The ignition wire is wound around the platinum tub: 
the platinum wire pole. 


try 
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e wire melts the current is interrupted and no more heat is added 
During the combustion the bomb is placed in a nickel plated or nickel 
t container, the calorimeter, filled with water. To protect the con 


r from the influence of the surroundings and to protect against radiation 


» wire is brought to glowing by means of an electric current, as soon 


placed in a second empty, brass cylinder and this again placed in a large 
ible walled copper container, filled with water. 
[he cover of the calorimeter is made of ebc mite, thre ugh which p i 
ng device which moves up and down about once a minute. A sensitive 
mometer is also placed in the container 


isses 


rr 


Below are described B. t. u. Indicators. 


Ott-Lux-Gas-Tester 
(Alpha-Lux Co., Inc.) 
( TTLUX-GAS-TESTER is simple in construction and operation. It 


combines in one operation the information usually obtained by 3 
listinct time absorbing manipulations, namely, the Gas Analysis, Specific 
Gravity determination and Calorimeter test. While it is true that it can 
not replace any of the 3 tests where specific results are required, it is equally 
true that it will show any changes in the gas, which are caused by changes 
n composition, gravity or heating value. 

To make these 3 tests requires hours. By this simple piece of apparatus 
the collective information can be obtained in the fraction of a minute. 

The apparatus consists of a Bunsen type burner to which a simple mechan 
ism is added to accurately regulate the primary air. A pointer is used to 
operate the air shutter. This pointer rests on a graduate disk sub-divided 
into 100 equal parts. 

When the pointer is at zero no primary air is supplied to the burner. By 
turning the pointer clock-wise we gradually admit air and this is continued 
until the flame becomes so sharp that it almost flashes back, which is in 
dicated by a series of small explosions and jumping of the flame. 

It is true that the figure at the disk to which the pointer points at this 
moment is purely an empirical one, but after determining this point with a 
gas of standard quality, the gas maker or any other person can, without 
losing much time, readily determine if the quality of the gas is changing and 
in which direction. 

With a little practice he can also determine how much the gas has devi 
ited from normal. 

The pressure of the gas is regulated by means of a cock placed in front of 
the pressure gauge. To operate the tester, the pointer is placed at 0 and the 
gas lighted. The gas cock is then regulated so that the pressure gage 
indicates 40 mm pressure and the pointer turned until the flame sputters 
as described above. This is first done with a sample of gas which is known 
to be standard and of which not only the heating value is known but also 
the gravity and composition. 

If during the course of operation it becomes necessary to move the pointer 
farther from zero than the point originally established with the know: 
quality of gas the heating value increased since it requires more primary 
air. On the other hand, if the pointer must be turned back towards zero, 

the gravity changed, permitting less gas to pass the orifice, which means 
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change in composition, most often caused by increased amounts of 
at any rate a decrease in heating value. 


The Lanphier Caloroptic 
(Rossiter & Co., Inc.) 


HE Lanphier Caloroptic is the result of years of chemical researc 

gas investigation of the late Charles H. Lanphier. All the vai 
entering into recording the combustion of gases in the caloroptic hav: 
reduced to that of merely the control of the amount of air required t 
the gas. 

It is constructed so that a micrometer barrel admits the air to burn t! 
and at the same time reads the heating value 
gas. The point of complete combustion, t! 
when the yellow tip disappears upon runnit 
micrometer barrel up,—is the point at wh 
read the heating value of the gas direct in B 
per cubic foot. 

The Caloroptic is calibrated against a star 
gas calorimeter by adjusting the screw in th 
until the wet calorimeter and the Caloropti 
the same. 

The Caloroptic is 844” high and measur 





its accuracy. It meets the requirements 
water gas maker, the coal gas maker, the mixe 
send-out pressure man, the plant superinter 
the company manager and the company pres 
In many cases it has enabled the retort house foreman to increase yiel 
the water gas foreman to save oil. It is valuable because anyone 
stantly tell very closely the B. t. u. of the gas he is making without | 
expert knowledge of calorimetry. 














Gas makers like it because if the gas runs richer than it should the yell 


tip will appear and if the gas runs lean they can tell it by the noise 
inner green cone. It has been used to advantages on service complai 
tells instantly when there is a low B. t. u. spot and where non-flow or 
end spots exist. 

The Caloroptic is intended to be used on the gas with which it 
brated, but does not register higher than 900 B. t.u. A great many 
however, show that it is very accurate (14 of 1%) on many kinds 
various proportions of different gases. 


The Brady B. T. U. Indicator” 


R. A. Malony.* 


HE indicator filled the long-felt need for a method of obtaining a 
B. t. u. reading, which could be made by a person having no te 
experience. A complete determination of the heating value of the g 
be made with it in 2 minutes. This, together with the fact that it 1 


*Physical Laboratory, The U. G. I. Contracting Company 
**INSTRUMENTS, February 1928, pages 105-109 





across the base. The burner is very rugged 
stands rough gas house use without any effect 


GAUGE GLASS 
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} ] 
e al 1oes not requ Irce unnitl 
1 it . . 
Water With Nn overhe i the Cast 
wut 4] lassmnoto arahahic«d lo } 
With a ow calorimeter, | y ied to the 
Y ] Tt } 
present popularity of the tru nt 
| n] + +} t + | 
he principle of this instrument sed 


on the fact that a simple relation exists 
between the tot il he ting value of oas ind 





the amount of air necessary to form the well 
defined blue inner cone of a Bunsen burner 
flame. This principle is utilized in the Brady 
B. t. u. Indicator by causing the gas-air ratio 
to gradually change and pass through the 





al | | _+-GaAS pe - it which the ines tue ne ecomes 
| well defined The change in the gas-air 
4 _1-AIR volume is brought ibe ut by rising water 
bol | |_| ybservable through the gage glass and it 1s 
rc, J . not necessary for the operator to know these 
ZI volumes These Vi lumes re taker int 
Oy | | consideration in the calibration of the instru 
p= =" ent nd rom th pri | Ived tne 
Poa tio of the gas al I ime \ t plot 
4 | te 1 to read lirectly B t 1 per cubic foot 
| : s 

q [he readings are independent of room ten 
ia | perature, humidity of the atmosphere and 
barometric pressure The many other cor 
rections necessary to apply to the standat 

flow calorimeter readings are also unnecessary 


, a ' , 
rendering the instrument much less liable 

















to the personal errors of the operator 
From the diagram, it is seen that the 
indicator consists essentially of a vertical bras 


cylinder 3 1n diameter and | long, to which 


1S ittached a base and top casting There is 





see 
. slightly tapering cone of thin metal screwed 


into the top casting and concentric with the outside brass tube This 
cone forms the gas chamber, and the annular space between it and the out 


side brass cvlinder forms the air chamber. Attached to the side of the 
instrument is a gage glass for observing the height of the water 1 the gas 
space during filling, and the height of the water when the determination 1s 
completed, which height gives the gas-air ratio at that point, or, as explained 
bove, gives approximate heating value of the gas Ol the att ched scale 
The air and gas are admitted, and the two chambers connected and separated 


by the main cock at the top. 
Operation of B. t. u. Indicator. The air from the room and the gas to be 
| 


tested are drawn into the instrument by the loweri1ns i the water ieveli, 


| ’ 70] } nirator + > hx 
ind expelled by the raising of the Wwatel le vel. The ispiratol tt ch } y 
1 hose to the indicator, furnishes the means of changing the water level 


1 


space simultaneously. The pressure of the gas in t tl 
reduced to atmospheric by allowing the excess gas to escape. The air and 


The gas is drawn into the center cone, and the air drawn into the outet 


n 


vas, being at the Same pressure, are connected at the top and expelle 1 as al 


1 | } wet >t ‘ } Te tI , 
and gas mixture through the mixing chamber to the bu , where the 
mixture is ignited. 
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ers, and can be seen in the gage gl g 

the vas percentage 1 th xture 1s constant reasing, al t 
percentage constantly increasing This produces a change in the re 
flame The luminosity gradually decreases, and the outline of t 
inner cone begins to form. At the instant the tip of the inner con 
a definite line the water is shut off at cock “Wand the approximate hs 


| 


1 
Value read 


on the scale opposite to the stationary height of the water 


gage glass 


Below are described Steam Calorimeters. 


Carpenter Steam Calorimeters 
(Central Scientific Company) 


HE available energy in steam varies greatly with the quantity of 
which it is carrying at any given temperature. Actual working 
, 


tions, or the efhciency of any steam plant cannot be known without 


quent accurate determinations of the Water content 1n the stean 


Carpenter Calorimeters are the first small convenient instruments d 
| 

for this purpose which give rapid measurements with accuracies v 

one-half of one per cent without requiring any special skill or trainin 


the p rt of the operato! 

There are two forms of the Carpenter Steam Calorimeter, sepat 
ind throttling the former designed to separate and measure the water « 
by a measured quantity of steam, and the latter determining the qu 
- of energy required to evaporate 
moisture which the steam carries 
two instruments have practically 
same application except that the thrott 
calorimeter is limited to the measure 
of steams with moisture contents b 
3.5% at 80 pounds absolute pressure 





>t 


6.2% at 250 pounds absolute pres 
These limits, however, cover practi 
iny steam conditions found in 
plants. The separating calorimet 
effective within the usual limits a1 
addition gives an accurate measure 
exceptionally high or low moisture 
no theoretical limit to the range of me 
ments possible. 

The Separating Calorimeter is sh 
in detail in Fig. 1, and consists of 
concentric vessels (1) and (2), the 
of which communicates with a glass 
water gage (10), and the outer with 
gage (9) for showing steam pressure 
flow through the orifice (8). The 


scale is calibrated by trial with refere 














. = a 
Fig. 1 to the orifice to read directly pound 


dry steam leaving the calorimeter in ten minutes 
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enters through a globe valve (6) and is led downward through tube 


) the separating cup (14), in which the course of the wet steam is 
ed sharply through an angle approximately 180°, throwing the water 
through the fins of the cup by its greater inertia. The water thus 


ited collects in chamber (3) and is measured in the gage tube by the 
12), graduated to read pounds by hundredths of water at a mean 
ure of 100 pounds and temperature at 100°C. Errors resulting from 
g this scale, with variable temperature and pressures above and below 
sounds and 100°C., are so small as to be negligible for practical purposes 
In use the calorimeter should be attached to a vertical pipe in the main 
ld not be drawn from a point closely adjacent to the pipe wall, and the 
rument and connections, with the exception of the gages, should be 
pped with hair felt to prevent loss of heat by radiation. 
In making an observation the globe valve is opened, allowing steam to 
through the instrument until it is well heated, after which a reading 


IW 
nitial water level is made on the glass tube gage. The average position 
the indicator on the dial gage is then watched over a period of ten min 


utes, controlling the steam flow slightly through the globe valve if necessary 


intain a fairly contant reading. At the end of ten minutes, the water 
el in the glass gage is read on the scale, the initial reading of this gage 
stracted from the final reading, and the water content of the steam 
puted is follows 

W = pounds of water collected in ten minutes as read on gage 

S pounds of dry steam passing the orifice in 10 minutes as indicated 

the outer scale on the dial gage. 

Q=W +S = total weight of wet steam analyzed 

wate W/Q x 100. 

The Throttling Calorimeter. A diagramatic cross-sectional view of the 
Throttling Calorimeter shows the proper installation. The calorimetet 
s supplied consists of a metal cup with steam outlet at the bottom, and tay 
ped on opposite sides near the top 
to take a glol e inlet valve and a 
mercury manometer The top of 
this cup is deeply depressed in the 
center to form a we 





THLAMOMETER 










d 
Il for a thermom 
eter showing the temperature of 
steam flowing through the calor 
meter. The calorimeter cup itself 
is about 3 inches in diameter. The 
inlet from the globe valve is in the 
form of a converging orifice, and 


aq 


MANOMETER 


sampling tube is also supplied fo, 
drawing steam from a main stea 

line. The installation of this tube 
as 1n the case of the deparating 
Calorimeter, should be made in a 
main vertical pipe with an ascending 
lumn of steam. A mercury manometer is supplied, connecting with the 
rimeter through rubber pressure tubing and a brass cock 

The principle on which the Throttling Calorimeter operates is based 





LHHAUST STEAM 


~ 










Tom TEE EERE Dee 


m the so-called univariant nature of an enclosed system consisting of stean 


a » . 
water. Such a system under a given absolute pressure assumes 
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ressure ol 


ti e reduced without allowing the steam to do work in its ex] 
ther than that of increasing its own volume ertain quantity of e1 
1s liberate 1 equal to the liffterence 1n It eneryvy values it the first ind St 
pressures respectively his condition exists, for all practical pury 
when wet ste escapes from the line into a small vessel at atmosp!} 
pressure, such as the calorimeter cup; and in such a case, a part or all of 
1| erate | ener¢vy 1S abst rt ed DY the I ech inc lly held water as \V tporl17 


heat, transforming the water to stea1 If the quantity of water 

y the steam 1s such that its total vaporization heat is equal to or greater 
the energy resulting from the decrease in pressure, all this freed energy 
be absorbed as latent heat of steam, and will not produce a temperature 
in the expanding steam. If, however, the quantity of water be less t 
that fraction of the freed energy remaining after all the w 


is vaporized will effect an increase in the steam temperature above its bi 

point, the actual temperature reached depending upon the quantity 
] + > ve) 1 os > t > 5 1 = > > > mt 

steam and it pecinc he tat the nt il pressure In this « LSE the perc 


of water carried by the steam at its original pressure can easily be calcul 
by the use of the following quantities 1) the initial pressure, read fi 
i gage on boiler or steam line; (2) the energy per pound of steam corres} 
pressure, read from steam tables; (3) the final pressurs 
expansion, assumed to be atmospheric in most cases and corrected by 
meter reading; (4) the energy per pound of steam at the 
} 


from steam tables; (5) the final temperature as shown t 
in the calorimeter cup, and (6) the boiling point of water at the final pre 


is found from barometric tables 


I heat of vaporization of water at boiler pressut 

H total energy per lb. of steam at boiler pressure 

h total energy per |b. of steam at calorimeter pressure 
t temperature in calorimeter 

bp boiling point of water at calorimeter pressure 


Ci 


Steam Separating and Wiredrawing 


Calorimeter. 
(Dobbie McInnes & Clyde, Ltd.) 


PRINCIPLI The “DOBBIE-McINNES” Steam Calorimeter 


hination ot No 
U1 LOT i a 





sarating Calorimeter hich mechani Ilw cenarate 
CiINs salorimeter Whicn ecnanically Separates 
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wn off and weighed, any steam passing through being condensed 
ighed 

Throttling Calorimeter into which steam passes after leaving the 

. ting Calorimeter throttles the steam nearly to atmospheric pressure, 

ference between the total heat on each side of the orifice being em 


a 1 
to convert the mechanically suspended globules of water into 


The initial condition of the steam determines whether the heat set 


iperheats the steam OI! merely converts the moisture into steam 


- combination of these two calorimeters may be split up and used 


sly as a Separating ot Throttling Calorimeter as desired, but it 


be noted that the Throttling Calorimeter alone its not suitable for 
wet steam as it is essential that the heat set free during throttling 


be sufhcient to convert all the moisture present into steam 


When using the Separating Calorimeter with a condenser, the “Dryness 
Friction” of the steam 
W 
X 
W,+ W 
Where W Weight of Condensec 
steam. 
W>. Weight of Water in Separating Chamber representing 
weight of moisture. 
With the Throttling Calorimeter, the “Dryness Friction” of the steam 
H. + .48 (t te) —h 


St 
o> 
j 
= 
s 


X 
L 


where t reading of thermometer F 

t temperature of saturated steam after expansion (obtained 
from manometer reading and steam tables); 

H» total heat per lb. saturated steam corresponding to to; 

h sensible heat per lb. corresponding to temperature observed 
at FP: 

I latent heat per lb. corresponding to temperature for wet 
steam before expansion observed at F 

0.45 specific heat of steam assumed constant 


When both Calorimeters are in use together, the amounts of priming 
moisture obtained are added. 

CONSTRUCTION. A Valve B having a special Nozzle A which 1s 
supplied in 3 lengths, is screwed into the steam pipe from which steam 1s to 
be drawn. After passing the valve, steam is led through a tube to the 
Separating Chamber D into which the tube projects as shown. A Steam 
Pressure Gage K, a Water Level Gage C, and a Cock E for drawing off 
the accumulated water are fitted to the Separating Chamber 

Steam, from which a large proportion of moisture has been removed, 
leaves the Separating Chamber near the top, and enters the Throttling 
Chamber in which there is a Plate H having a fine hole for the wire-drawing 
process. Thermometers are placed in Pockets F and F! to measure the steam 
temperature before and after throttling, and a Manometer | is fitted on the 
exhaust side of the Chamber to measure the exhaust steam pressure 
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The instrument is highly polished and plated to minimise condet 
which is sufhcient if the Calorimeter is guarded from draughts. It is 1 
mended that a further precaution of lagging should be adopted 

ADVANTAGES 

Great accuracy 

Ease of manipulation 

Possibility of employing either or both components of instt 
iccording to circumstances. 

Use on any steam pipes of any diameter. 

Large range of application 


U Path Steam Calorimeter 
(Lewis M. Ellison) 


ECOGNIZING the necessity of minimizing radiation losses in 
calorimeters, Lewis M. Ellison, for more than 30 years has mad 
tensive research in steam calorimeters and has given serious study t 
subject of proper insulation as well as to other details necessary for the 
efhcient general design for instruments of this class. The first | 
Throttling Calorimeter of the down-flow type was designed in 1902 
was insulated by means of a bright nickel plated casing, retaining arout 
steam chamber one-half inch lamp black, one of the best non-conducto! 
heat for this purpose 
Subsequently, finding that moisture escapes unaccounted for in d 
flow throttling calorimeters, especially when the temperature of the si 
heat in the instrument approaches 212°F., this type was replaced in 
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with the first Ellison U path steam calori 
meter, utilizing the same insulating medi 
um as in the down-flow instrument, 
widely known as the Ellison Throttling 
Evaporating Calorimetet 

With the advent of higher temperatures 
ind lower percentages of moisture, more 
efhcient adiabatic construction in calori 
meters was essential. In December 1925, 
the new Ellison U Path Steam Calorimeter 
was designed to meet the extremely exact 
ing technical requirements for determining 
the comparative quality of steam in two 
different makes of steam purifiers 
operating under 350 pounds pressure in 
central station power house. In the in 








in boilers 














proved instrument was added a steam 
jacket and the heat of conduction from the 
steam chamber was eliminated, resulting 


ina calorimeter giving the closest approach to theoretical temperatures ever 
recorded in steam calorimetry. 

After entering the sampling pipe, the steam in this improved U path 
instrument flows horizontally with no up-turns to the throttling plug, in the 


rifice of which it is reduced to atmospheric pressure. Immediately below 
the orifice steam impinges against a plane surface where is is divided int 

four automized streams, meeting again and mixing below the plug. The 
throttled steam in the steam chamber flows in a U path, down one side and 


up the other, escaping at the top, where it turns and flows downward 
through the steam jacket and out at the bottom to the atmosphere. 

nomentary abnormal moisture content in excess of the throttling process is 
separated in the steam chamber and is re-evaporated by the superheated 


steam after the period of excess, giving a true mean superheat temperature 


] 
] 


it the calorimeter thermometer. The instrument thus forms a combined 
throttling, separating, and re-evaporating calorimeter in a single chamber, 
utilizing the U path of superheated steam which is the most efhcient known 
method of calorimeter moisture evaporation. 

The importance of insulation is given special attention in the design of 
this calorimeter. The jacket steam surrounding the steam chamber is 
kept at the same temperature as the steam in the chamber by insulation of 
the steam jacket against chilling. This is effectively accomplished by 
providing a 1” insulating jacket on the sides and 114” jacket on the top of 
the steam jacket, both of which spaces are packed with lamp black. All 
radiation losses are minimized by the compact design of this calorimeter and 
further heat retention is insured by the brass insulation casing being highly 
polished and nickel plated. This arrangement of steam jacket, insulation 
jacket, and bright exterior surface provide in one instrument the three best 
known methods of reducing calorimeter radiation losses. 

The exhaust tube, 3 x 1014”, connects telescopically with the steam 
jacket, carrying away the escaping steam, and insulates the steam outlet 
igainst the possibility of chilling. 

__ Instead of a thermometer well, the thermometer is held in a packing cup. 
The holder terminates in the steam jacket, thus preventing heat of conduc 
tion from the steam chamber by the thermometer and holder. 
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The valve, designed f pactt fe working pressur 
han 1,000 pounds px Ju ncl The disc and seat are of 
metal 
Instead of the conventional hand wheel, the valve is operate 
removable socket wrench, thus eliminating the radiation of the h 
ind facilit tes cover entire sten he Vaive DX ly I Ste 
ind steam pipe nipple, to be covered by the operator, about 2 
paper being efhcient 
rhe union, being on the chamber side of the throttling plug, is ut 
itmospheric pressure and is not subjected to leakage 
[he steam pipe nipple is of bronze, 1” 1.p.t h 7/16” diamete 
passage, and is tapped in the end for holding the interchangeable 
pipe tips 
The sampling pipe tips consist of a set of five 7/16” 1.d., perfor 
ccordance with the A. S. M. E. code, for 2, 3, 4, 5, 6” pipes, beyor 
length of tip no sample of steam can be expected with this form of s 
pipe. 
The throttling plugs are of Monel metal, interchangeable for th 
pressures, consisting of a set of four, 1/16, 3/32, 1/8, 5/32” orifices 
The thermometer is gas filled, reading up to 400°F, and is gradu 
2”. immersion. It is inserted directly into the steam bath and is | 
packing cuy 
Dimensions he steam chamb 82% x6 steal Ket 
casing 5 x 10” 
— 
The Mason Regulator Co., of Boston, Mass. announces the ap} 
of the O'Brien Equipment Co., 2726 Locust Blvd., St. Louis, Mo. as ex 


distributors in the Miss« 





terrl 


UTI 


tory. 
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Measurements 
Industrial & Scientific 
An Instruction Book for Engineers 


DR. WALTER BLOCK 


CHAPTER XIV CALORIMETERY 


ALORIMETRIC measurements are, comparatively of little importance 
Ct the engineer in so far as they deal with the measurement of specifi 
f substances. These may be passed over here and only that part of 
calorimetry discussed which is of greater im 





, ‘ 
portance to the engineer, namely, the deter 


nination of the heating value. First however 
something should be said on the heat unit. A 
is known, the unit of heat is designated as the 


‘alorie and is defined as that quantity of heat 
which is required to raise 1 kg or 1 gm of water 


‘ °C. It is self-evident that the respective 
units have a ratio of 1000:1. They are, there 


fore, often referred to as kilo-calorie and gran 
calorie. Since exhaustive experiments have 
shown that the value of a calorie depends some 
what on the temperature of the water, it 1 
defined as that heat quantity which increase 
the temperature of water by 1°C at 15°C, 1. e 
from 14.5°C to 15.5°C 





The principal device for the determinatiot 











of heat a tities Sem is principally of the heat 
value of materials, is the calorimeter. In 
principle this is i so that a definite 
weighed amount of the substance is placed in a 
tightly closed container (Fig. 81) which 1s filled 
1 ae with coemnpreaeed oxygen The substance 1 


the interior of the bomb is thet 1gnite d electri 

cally from the outside, so that no gases can e 
cape. An excessof oxygen is provided for thecombustion. The heat liberated 
in this process heats the calorimeter and the water. The temperature rise of 


n | 
the calorim eter ind water 1s me isured, a nd from thi the heating value of the 
ubstance placed in the calorimeter can be computed. In order to cart 


through this computa ition a constant er the calorimeter 1s needed which 1 
11 
extremely difficult to determine experimentally, namely the so-called water 
] ] 
equivalent of t the calorimeter or the heat capacity of the material of the calor 


neter as a whole. If the heat quantities de Ba by the combustior 
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devel > could 
easured temp 
metal cont 
cnalineticn of temper 
alculation of the de 
heats of all individual parts 
difficult to determine, or the 
lat indicates the 


ilorie to i1 
1 kg of 
equivalent 
| I the calorir 
the tot il watel 
illy never 
nces, 1 > sul S 
bustion values 
{ iade, and ther 
nd the w iter-Da is calculated. 
( calorimetric bombs will not 
liffer from one another in details. In g 
of sufhcient strength with screwed-o1 
ced a definite weighed quantity of the substance 11 
is filled w we compressed oxygen. Greater difh 
ibstance Recually | done 
irged in the substance 


wire imbedded in the subs 


is way starts th e combustion. The olde 
Berth 1elot bomb which, however, is little used 
nd therefore is a o8 expensive. It has the 


try 


electri 


vity and invariability. A few other 


\ 


Kroeker and —_— ein. More recen 


101 s to take off a 1 te y analyze the gases 


L\ 


] “Am! 
ormead during combDustion. 


1 bomb is placed into a water-bath, most advantageously 
ighly which can at the same time be 
thermometer, preferably Beckmann thermometer, 

bath and the whole calorimeter container is ‘aaclineed. 

ifluences, in another container so that it is 
Then the increase in temperature is obset 
er difhculties in combustion it is well to mix w 


h in oxygen, for which case the Parr? or Lunge calorin 
lapted. The procedure of an experiment is now such t 
of substance taken is such as to create a temperature incre 
legrees. The experiment is started by first ascerta 
course of the temperature of the calorimeter water, for a few minut 
iming W1 LW itch Then at a definite moment the ignition is st 
> 1 observed which naturally now is f 


>mperature increase again ODserved 


+ 
\ 
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| the temperature 


| 


servations are made at intervals unti 
Gown again 


ximum and the calorimeter gradually cools 
slow temperature drop is attained with certainty whicl 


while. In order to determine the ictual temper 
I 

lently of external influences and of the original course 

the temperature readin > best plotted 

















is shown the approximate course of such an experiment, at whi 
temperatures have been read, and how the course of temperaturé 
true increase are determined. This is done in that the original 
curve which runs almost horizontally is extended in a straight | 
rops. Thenthe ve 


wise the final curve in the direction as it gradually droy 
to the time axis is drawn so that the 2 areas between the vet 


ine, 


curve of the increase in temperature becomes about equal. 

losses of heat neutralize each other. The calculation of the expe 
then made in the following way. If a sample of coal having 
1.306 gm was burned and where an ignition wire of 0.026 gm w 

in the sample the net weight of the sample was 1.282 gm. A tempera 
increase as calculated in the manner described of 3.15°C 


Was o erved 
calorimeter consisted of the bomb and the water of 
This amounts to a total gener 
| ; 


1 Watel equly Lient 


determined in some other way, of 2.360 kg. 
ated heat quantity of 2360x3.15=7434 cal. From tables it can now be seen 
that iron possesses a combustion heat of 1600 cal. per gram. Therefore, 
by the combustion of the iron 1600x0.024 = 38 cal. were liberated. The 
burned coal consequently, generated, 7434-38 = 7396 cal, the heating value 


7396 


of the coal is, therefore, - 5760 cal.’ 
1282 


When making this test one more point must be considered whi 
important. The reliability of the measurement of temperature 
always somewhat difficult can be increased by keeping the starting tempera 


‘Note: No correction for the formation of nitric and sulpk 
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ih this can be improvised in special cases by a suitable apparatus yet 

f the usual instruments for this purpose should be used if ure nt 
this kind have to be made more frequently, namely the so-called Junker 

rimeter for gaseous fuels. The gas to be examined 1s burned in 
table burner arranged in the interior of a cylindrical combustion chamber 
ugh which water in a helical coil is flowing. At each the inlet and out 


f the chamber a thermometer is placed in the path of the water. One 
ceeds now, for instance, in such manner that the temperature of the in 
ing and outgoing water is adjusted so that a temperature difference of 
exactly 10°C exists during the burning of the gas between the two thermom 
eters. The helical coil in the furnace is arranged in such manner that the 
t generated by the burner is utilized to the greatest possible extent. Ii 
w constant conditions have been established the amount of water which 
has passed through the combustion cham 
s used just 100 liters of gas. For this purpose, one of the previously 
lescribed gas meters is inserted in the gas pipe to the burner The quantity 
f water, which passed, is then a measure for the heating value directly 
ince one knows at once that 100 liters of the gas have developed 
number of calories since they have increased the temperature of the meas 
>d amount of water by just 10°C. The calculation is now self-evident 


1 
} 


yer is determined when the burner 


As this test arrangement is somewhat tedious and quite difficult this cor 
struction of the Junkers-Calorimeter has been further developed to such 
legree that is has become a mechanical one which also records automatically, 


this is of importance if the composition of the gases varies considerably, 1. e 
blast furnace gases. This recording type agrees in principle fully with the 
> described before and differs from it only in that the 2 thermometer 
ire replaced by 2 thermocouples which indicate directly the temperature 
difference. This temperature difference is recorded on the chart, and it 1 


characteristic for the whole construction that the movement of the gas 
meter is directly geared with the control of the flow of the water in such 


manner that the flow velocities of the gas and the water is always the same, 
i. e., that a gas of high value of which a normal amount has passed incr 

the water temperature more than a gas of low value, or, in other words, 
that the temperature difference indicated by the thermocouple is directly 


1 measure of the heating value of the gas. If then the apparatu ilibrated 
in the factory so that the recorder indicates directly heating values, a cal 


j 
{ 


culation of the tests is no longer required 

The same arrangement can, by the way, also be used for the investigatior 
of liquid fuels namely if in the original, non-recordin; 
burner, another suitable burner is used in which t | 
is burned. The procedure is here such that in the same manner the quar 
tity of water is determined which flowed through the apparatus in a definite 
time with a known temperature difference, and at the same time a scale 1 
used to determine how many grams of fuel have been consumed during this 
time. Further details need not be discussed here. But it may be men 
tioned, that, in the examination of gases, a distinction must naturally be 
made between the higher and the lower heating value. This is done in 
this way—and the calorimeter is arranged for it—that the condensed water 
formed can be collected, and the heat quantity produced by the conder 
tion must, of course, be deducted. 

Another circumstance must still be taken care of, that is the correct 
calculation of the burned quantity of gas. If i.e. 100 liters of gas have pass 
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ed the gas meter with a temperature of 23°C, under a pressure of 42 
Watel iDpDOVe itmospherk pressure) it 1 barometer pressul re of 7411 
the gas was actually underz a pressure of 741 +42/13.5 = 744 mm, its re 
a3 i ia ie 
lume therefore, was 100 2 : xX 44 LOO x oe Bu xX 44 YQ ).4 lit 
273 +23 760 2906 760 


with this volume the real heating value must be calculated. If pooh 
been determined th it the collected condensate imounts to 81 gm the: 
1 1000 

ear from the foregoing that 1 cubic meter of gas would yield x81 


QO.4 
gm water From this 897x0.600=538 cal have been liberated | 
condensation, and these have to be deducted from the heating 
determined to find the lower heating value. 
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That Peculiar Thing, Temperature” 
M. F. Béhar* 


NALORIMETRY could not be the exact science that it is without 
_/ exact methods and precision instruments for measuring eneneet ot 
Heat itself is a most exasperatingly elusive and unconfinable attribute 

1tter. No instrument can measure it directly. It is measured by 
esses of reasoning which, since the time of Watt, Rumford, Gay-Lussac, 


Carnot, Joule, Clausius and Rankine, have evolved into exact methods 
srecision instruments—which give us numerical values as a start for 
evaluation of calorific value by exact methods—are thermometers 
They measure temperature. Thick tomes have been written on the con 


truction and use of temperature measuring instruments; comparatively 
¢ 1 1 

ittle on that peculiar thing, eeinasehinne, which they measure. Let us 
ok into it, and into the evolution of scales. It will require a little excut 








into the realm of science—just deep enough for the curious but busy 
imetrist to refresh his memory—but the ending will prove of practical 

lue. Two questions are frequently asked. First, what kind 

temperature. Second, what is it? 

FIRST—The-thing-which-is-‘measured” by any instrument or calcula 
= tion is habitually referred to in technical books as a quantity. Through 
force of habit this term is ap caraleg to dr neat incorrectly, we believe 
‘The thing-which-is-‘measured” by a thermometer is not a quantity. The 
“hotness of a body (of steam or ice, of Sirius or of li quid helium), as ar 
biect of measurement, is like the “loudness” of a sound or the ‘brightness’ 
falamp. (Even more so, for today the “talkie” technicians can measure 
intensity of sound in dynes/cm*. Light flux, too, is se pe in CGS 
units). Unlike mass or length which are both extensive 1 additive, 
temperature is intensive. Temperature is an intensive and di monsioules 


nagnitude—one of the few purely such, in all natural phenomena. That's 
the category of a thing it is. 


SECOND—What is it? The simplest definition is the schoolboy 
definition: Temperature is the x Anas o sensible heat of a body. Lame 
as it is, it conveys the correct idea but it is bound up with human senses and 
the imperfections of actual substances. 


This definition does not give us proper ly scaled thermometers, so we must 
dig deeper. This is what Kelvin did. In 1824 Carnot had laid down his 
principle of reversibility with regard to “quantity of heat” in an ideal 
‘body’ that “undergoes changes,” and in 1845 (after 30 years of experi- 
ments) Joule demonstrated mechanical equivalence. Heat now became an 
engineering “quantity, measurable in foot-pounds. But what was temper 
iture?, The explanation seems so near, scientists deplore od, ind yet it 
eludes us! But look here, the higher the temperature the greater the quan 
tity of heat in Carnot’s “body.” If we can’t ever know what temperature 
is, can we at least establish its real relation to heat independently of the 
tual behavior of mercury, or of a gas (which is an “effect” and not a law) 
ind yet in such a way that we can make thermometers that agree with one 
nother? 
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to a sca 


e 1s obviously necessary in the case of an “intensive magnitt 
a eae er ad i 
Kelvin defined the ideal thermodynamic scal 


e of temperature as such ° 
the absolute values of two temperatures are to one another in the propx 


of the heat taken in [Q.»] to the heat rejected [Q,] in a reversible the 
; 


gynamic engine working wit ource and refr1 


gerator at the higher 


Do you recognize the schoolboy definition in Kelvin’s use of ( 
| heat” in the schoolboy defi 


which implies properties of substances) Kelvin substituted at 


y ] 
neat energy engineering terms W hile he may not have used these WM 
Y re SU . ' lo render | > nNetime \o4] > 
the y re obvious to lodern readers, and we sometimes speak Of Ke 
energy Gennitior or te npel ture 


But that energy definition was only half of what was done by the 
physicist (he was only 24). He took the vague first part of the sc 
] 


rt 


definition, “the degree of, and yroposed instead a scale Of avatlapdulit 


, 
| 

heat energy in an ideal “body,” thereby giving us the first standard f 

measurement of temperature. For it was not only a scale but the tl 

dynamic expression of the scale—The Absolute Scale of Temperature 
Thermon eters h id been developed long before his time Galle 

Newton and Fahrenheit had gone to their reward (not in the place 

temperature is said to be somewhat unbearable 


i } il : 1 
ee? ae ; en , 
pyrometer in 1825, when Kelvin was a year old. Becquerel had used 


num-vs-palladium thermocouple in 1826. Thermometry was a hi 


developed art—almosta science. Young Bill Thompson made it a sciet 


Speaking of science, we must be exact. Kelvin’s definition was 11 
too independent of properties of matter. His scale could only be seer 
the eyes of reason. It was not until 1854 that he defined the al 
temperature (the familiar capital T or @ of calculations) as proportt 
the reciprocal of Carnot’s function, and that he began with Joule the | 
plug experiments which allowed him to announce in 1862 the prt 
] ] 


1 1 1 1 1 
‘ation of the absolute scale 11 the making ot t ingible thermometer! 


—— 7 7 1 ] ss 
Thus, for any gas selected, we get the pressure, volume and “‘K 
temperature’ relations 


rom (2), (z),= (4), 


‘ l 


Incidently they proved that on the centigrade system of nut 
‘hs o ‘e] / ” 
values Ts 273, and ‘“‘located absolute zero. - 
I 7 4 
k 7 Sl s 
( Pyromé 779) § 27 
x ( I 
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se two men nd many other workers—had begun what is know1 
realization of scales which are independent of properties of matte 
ing no “ideal body,” an ideal gas thermometer could not be built, 
he absolute gas scale was defined and its “realization” was begut 
1 WS Wert 


} 
ind their 


leviations of actual gases from the Joule and Gay-Lussac 


mined, and actual gas thermometers could be and were buil 


ings corrected to give values that were unquestionable 


Kelvin’s energy definition was no longer a philosophical concept of n 
tical value, for it had been related to one of many known and readi 
ible continuous energy changes in some familiar form of matter, 11 
words, to thermal properties or temperature effects 
Such effects have been known from ancient times. Many are conven 
ly observable and are utilized in all instruments, from the simplest to 
tl st elaborate, for the practical measurement of temperature. Among 
these are: change of length of solids, change in volume of liquids and gases, 
tion in the pressure of gases and in the tension of vapors, change o 
ctrical resistance, thermoelectric behavior, heat conductivity, color of 
itted light, intensity of radiation of all wave lengths, et 
Thus we have mercurial thermometry, resistance thermometry, opt 
metry, radiation pyrometry, thermoelectric pyrometry—all use 
justrial work—and other methods used in the laboratory 
| 


1] 7 
All + > > ’ sho , + Y > mrp 
All of the ibove are commonly used fot determing unkn wn temperatures 





As in every other form of measurement, standard references are necessary 
In this case the standard salenecions must be fixed temperatures. Nature 
, ilso affords us a number of these—boiling points, freezing points, etc 
Only the scientist is interested in measuring the exact temperature of these 
points. Sometimes it takes months, even today. The engineer accepts the 


lues given and calibrates his thermometers accordingly 


By putting together the foregoing two paragraphs, it is plain to see the 


= 


importance of “ideal” ere inc in vei of properties of matter and based 
The Absolute OC ile « Ter mpel ture. We use thermometet when we 

want to know “what as temperature is.’ These thermometer ire ¢ li 

brated by reference to fixed points. There is a zero of course, the absolute 

zero, but it is as Impossi ible of attainment as perpetual motiot We 1 

use “easy” fixed points. But to measure these fixed points we must use 


Geneonnetete. But we cannot construct a perfect thermometer. But 
we need properly scaled thermometers to measure unk temperatures 


Round and round it goes—or it would go round and round without a solu 


S 


tion unless we had a standard of measurement for comparison. Such 
standard cannot be like the standard yard or standard pound or standard 
ohm or numerous other standards expressed in CGS unit Remember 


intensity,’ “hotness” and “brightness,” etc. 


Together with the gas laws, Kelvin’s thermodynamic scale provid 
ne such standard, as we have seen. And the “gas thermometer,’ made to 
deanite specication s was the tangible representation of it. Such gas 


hermometers, installed in Washington, London, wan ind elsewhere, were 
my for the calibration of various secondary standard thermometer: 


Gas thermometers could not be used successfully at temperatures above 
1500°C and therefore other laws, properties and effects had to be selected 
to produce Pate scales corresponding to the thermodynamic scale and there 


fore to the absolute scale of temperature 
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At this stage of our excursion we leave our hero, Kelvin, and meet 
In’ fact, several of them. Kirchhoff, first, but he modestly waves u 
Stefan, who steps aside for Boltzmann, who shyly points to Wie 
us to Planck, who bows toa great figure whom we recognize: Einst 
Which reminds us that time and space (your time and the space of 


iges) are limited, and we promised a painless excursion. Let us visit 
Stefan and Boltzmann whose achievement, said to be as magnifici 





9 7 
elvin's, is nevertheless more easily understood 


To measure a temperature Dy means Of a common thermometer the 


t 
tive part of the instrument must in general “be at the temperature 
1 1 1 1 +] ee, 
must nave come to therm il equilprium with the DOC) OI 


with the nga ea There must be contact, and heat must flow 
x the other. To break the shackles with which imperfect actual sul 


aie ee | Eee =a — 
fetter us, Kelvi leninead the ideal ther O I Cc scale te s of ¢ 
thermodynamic body This was (or we may venture to call it) a cond 
leal body. But equilibrium may also be brought about 
Must there be contact? 
History repeated itself: Kirchhoff defined the radiation ide 
ad Oe | ] wR l oe } ] 9 YT mrt 
the “black body by proving that radiation as a function of t 
, > : 
is independent of its source. And d up rose the cry, Can we f 
é gy : iin os 
Carnot-Kelvin thermodynamic body, and use the Kirchhoff black bo 
Yes, said Stefan in 1879, the radiation between two black bodies 


the difference of the fourth powers of their absolute temperatures 
radiation between a black body at a temperature T and a black “rad 

ta — iture To is proportional to (T4-T 4). No conduction | 
thet re s in Carnot’s cycle with its two reservoirs. Fair enougl 
hve: 1s ‘the proof? How about measuring high temperatures? ( 


define a new scale without abandoning the Carnot-Kelvin capital T 


Yes, said Boltzmann in 1884. Correspondence of scales can be pr 
+s iC 


substituting radiation for the “working substance’ in the Carnot 
Radiation energy at any temperature, within or above the accept 
? 4 ~ 
scale, per unit volume, is proportional to T4. 
; ; ’ 
Stefan discovered the law; Bol in proved it. It therefore is kt 
as the Stefan-Boltzmann Law and is pe foundation of radiation pyr 


E=const. 7* , . , Stefan Boltzman law 


. al . _ Smt ceraloe j, mm nurnamoeto naw, ke eal 
The electrical-instrument scales of radiation pyrometers can be ca 


>OTeeCc -¢p] ye > ith - . ] 
in degrees up to stellar temperatures without any guess-work 


an ; 

One more visit on out little excursion, and we shall conclude witl 
synopsis of a great practical achievement. Our last visit is to the Ger 
physicist, Wien, who died only recently 

; ~ lL] _ = . ] ] 1 

From ancient times blacksmiths and sword-makers | 
hotter a piece of metal, the brighter it glowed Red hot” and 
hot’ always conveyed fairly definite ideas. Modern measuremet 
pn Ae se POE ber span vee ae ere 
various methods resulted in useful color charts. Could not a “bright 

: 
scale be proposed, it was isked in the nineties, so 


could be constructed with scales agreeing with the new radiation scali 


hence with the extended standard gas scale? Since the fourth-power 
gives the quantity of full radiation at T, is it not possible to say how 


» ‘ 1 Jj ‘es 1 4 ** - 
quality varies Could not ch inge of color with tempera iture De exp! 


asa law? 
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s, said Wien in 1896, there are several relationships bet 


ps between tempera 
d the radiation in the spectrum of full radiation, but we must mak 
ptions about vibrating molecules. Anyway, gentlemen, here you 
The question,—how does temperature affect “color” of radiation? 
split up into two questions 1) How does the wave length of 
itor change with temperature? (“Disp'acement’’), and (2) What 


ogee of heat energy in the spectrum? The answers are, (1 


the displacement, I have a formula for the energy density associate: 
defnite wave length at a definite temperature, and from this I cat 
y that the pre duct oe ibsolute ten nperature ind the wave le eth it 
h the energy density is a maximum is a constant 2) For the distri 
or “change of at wr, I have worked out a formula showing just how 
er part of the energy is carried in shorter wave lengths when the 
lute temperature is increased. 
yy const. a . ; 
T= Wien displacement law 
ee 
const 2 
EK, = const.,A af aes ° ° ‘ (Wien distrib. law 
It is not amiss to note here that the old idea of measuring temperature 


change of color rested on a flimsy foundation, metallur; 
7 1 

ating temperatures so much by color as by brightness. Incandescent 

lies are white at about 1500°C or 2700°F and they stay white above tl 





y are whiter, or brighter. In some cases brightness may vary twenty} 
times as fast as temperature while color varies very slowly. The origi 
“color” optical pyrometers have been supplanted by the modern instrument 
which measures monochromatic intensity—the brightness at one “color 

J gives the temperature as Wien proposed. 

Wien's molecular oscillation assumptions gave rise to problems which 
we ed the keene -ntific meth. involving. 2s Planck found 
lallenged the eenest scientinc minds On earth, involving, as Flanck found 
a ey did, the « quantum theory and Einstein’s principles of relativity. But 
he Wi ien displacement law, as well as his law of spectral distribution of 


radiation intensity, as "modiged by Planck, found such acceptance that the 
optical pyrometer scale, within the range where the Wien law 
ne of the international standard 


, const. const. ’ 1 
log E, = log —t — —— ...(Wien-Planck, practical expre 
é é ? 5 | . . 


It was also found that the “thermocouple effect” (no law to it) ga 


reliable scale, which is used today as an international stat 

The resistance thermometer was found so suit ible ind convenient f 
highly accurate measurements that its scale has supplanted the original gas 
scale as a fundamental international standard. The hour of glory of the 
Kelvin-Joule gas thermometer is over— but all standard scales conform to 
the original thermodynamic gas scale, for that corresponded to the 


Fahre 


been supplanted. The concept of the absolute scale of tempera 


ute scale of temperature. 


As to the numerical graduations of scales, the old systems, started 
irenheit, Celsius and Réaumur, having been used for centuries, ha‘ 
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So when you come right cd 


number 


high temperatures, where 
will do well to use not only the 


al” or “degrees Centigrad 
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it possible to locate the zero of nature but the ice point and ste 
see defini itions below) were continued in use for giving the fund 
nterval, and this fundamental interval of scales has continued to be 
into 100, 180 or 80 equal degree It makes it asl harder to wot 
equations in steam work wherever we deal with absolute temper 
but this is a minor difhculty Temperature being an intensive magt 
iny temperature scale is a scale of intensity and the particular unit 
ikes no differences so long as all scales agree with one another—as th 
Besides, the ice point and steam point are easily hi soeeeeies 


il thing, temper 


that intensive and dimensionless magnitude, is not such a hazy thi: 
ill. It certainly is clearer in any calorimetrist’s mind than “force.” 
what is but why bring that up? 

And now we come to the end of our excursion, which leads us 
to the practical 

[The practical standard of temperature surement was de 
idopted in 1928 and published in Ameri pw Bureau of Star 
Research Paper No. 22). The tit ag - By is document which is 
name of the practical standard > Int tional Temperatur 
It is simply a practical and common sense agreement on (1) the nu 


values assigned to r of basic fixed points, so that they will 
mate the ideal values of the thermodynamic gas scale and radiatio: 
2) the class and construction of instruments to be recognized as st 
ind (3) the simple mathematical formulas for correcting for atmos 
temperature, etc. With proper te tea = iS any enginee! 
take, and with fairly inexpensive —- e International Temper 
Scale meaning the title of the published agreement) ends once for 
mysteries of calibration and standardization. It is above all a pl 
scale and since it is authoritative, metallurgists and others dealing 


c@erent previous scales gave divergent re 


| 


degrees inte 


rr 


tations — 


- " j 
[he basic fixed points and pressure corrections of the Inter 
Temperature Scale are as follows 
a) The Oxygen Point—Temperatur equilibri etwe 
liquid and gaseous oxygen at the pressure e st 
Gard atmosphere S. 
e t 10126 (1 76( YO00065 6 
tp =t 26 (1 
} | ] ; lanl > } t 
b) The Ice Point—Temperature of equilibrium betweer 
pure, finely divided ice uir-saturated water at 
rmal atmospheric pressure 
The Steam Point—Temperatu f twee 
iquid water and its vapor at 
standard atmosphere LO 
t; t +-() 0367 76 0.000023 (p — 76 
The Sulphur Point—Temperature of equilibrium be 
tween liquid sulphur and its vapor at the pressuré 
f one standard atmosphers 444 ¢ 
t, t 0.0909 6 0.000048 760)? 
The Silver Point—-Temperature of equilibrium betweer 
solid and liquid silver at normal atmospheric pressure 6 
The Gold Point Temperature of equilibrium between 
li l l f pressure 
























INSTRUMENTS I 






















, , 
standard atmospher1 pressure (very important for ste point lefhned 
the pressure due to a column of mercury 760 mm high, having a mass of 

' : is is 
5951 g/cm’, subject to gravitatiol cceleration of I80.665 ns 
] orn } ¢ 
1 equal tO 1,013,250 dyne cr 
; ; , ee . Bos cae | | 
The instruments chosen for interpolation and extrapolation lead to 
ion of the International Temperature Scale into four parts 
From 0°C to 66 the temperature t is deduced from t} resistance R of a standar< 
reniat e thern ter } the for 
R Ry (1+At+Bt 
4 and B being determined ibrat t i t Pore 
S ly.* Tt Irit i 1 state : l such that 
R, IR ess tl 1.390 fort Of nd 2.645 for t +44. 
t C. the tempe re t is de ed fror f t R st [ 
1 + ¢} ; 
e thern means I I ula 
R R +At+Bt°+C/[t—100]t 
ne ts R ’ A t B ing eter i e ef hed itl + + 
ibration at the xvgen point I tay r ther ' ter ¢ cy ¢ 
ition, have a ratio R; /Ry less than 0.250 for t 183 
tot 9 t. the temperature t isd , th no tive for 
nlatinu rsus tinuner / thern | t ore 
lL ¢ nt ter eratur oO ¢( whi th ther is att t; 1 t def t 
points I timo! l I t t for tl \ t 
S rd platinum resist é er eter, since it lies thi e ral to 06 
The platinum of the st rd ther iple sh t f the s rit specifi r 
resistance thermometer TI loy 1s t nsist of YO*, with 10% rhodiu 
} 14 ] | 1 
T iple should de | 1 ectr ti roe t less than 1 Internat alr ¢ 
» re tl in 10.4 at the g point 
tA e the gold + + the te rature t ia P t eatin at 0 
tensitv J» of monochr +} i e radiat engtl ta t f tv | 
2 Y4 ‘ = i 
Jo/J 1.432/r ) ) 1/1536—1 273) ¢ 
T is Pe is validi ¢ 2°73) j esc th 2 orees, t + t 1.432 represent 
the value assigr to Wien’s constant radiation in t gat t 1336 
g lute ter rat r +f , 4 + 
7 , 
4 BR N 
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A New Research Microscope, 


Model DDE 


1 


NOTABLE contribution to aid the work of 
1S the newly designed DDE Research Micré scope 
f the Bausch & Lomb Optical Company in Laboratory 


1 


The DDE marks a radical departure from any forme 
tomicrographic microscope. The outstanding 


1 ] 
from previous types are instantly noted from 


Most noticeable of these new ideas in de 
, binocular eyepiece which allows the 


position. 
commend 
tinual 
tracted periods 
The Star 
CTrOSC( ype 
novation 
being d 
opel itor. 
pe s1t10Nn ote 
venience of 
jects on the 
substage parts 
This new rese: rcl 
nas peen Geveiope 
2 ~ lata 
Bausch & 


Bureau from 


Department 
Cornell Univer 

Designed jor Fnotomicrogr iphic 
Work. Since t] : id nt of the 
binocular body 
y prisms 


I 
} 


thoerop | . >> - h] , lac 1>] 
there has_ been considerable weight placed upon the delicate 


essal 
mechanism. This weight has been too great to secure the re 
necessary when working at high magnifications. However, 
the DDE relieves the adjustment of this extra weight | 
special value in photomicrographic work where it 
ng exposures 











The instrument ye equipped with either the regular single 
inocular body tube for visual use and also { wing with ths 
lucida, or with the single tube for photomicrographic work 
For photomicrographic work the microscope is placed in a | 
position, resting upon 3 points of support provided the 2 S ar 
This leaves each part intact nd the Stage vertic i 
Unusual Features in Mechanical Stag d Subst The me 
stage has many points which make for unusual f it rese 
It has forward and back adjustment by rack Dp n and ti 
djustment by multiple screw [These adjustments are operated f 
ight hand side ot the Stage and the Stage y be c plete rotate 
the objective in focus without interferenc: The specimen n 
nxed 1n positior1 very desi! le feature i photor J hic w 
[he substage is of the usual form, but « nes ny exceller 
for fine focusing of condensers, dark ground illuminators, et A 
teature of the substage is a supplementary condenser on a swing 
tocus of this condenser is so selected that the field of a 16 or 321 
ay be entirely filled with light without moving the substage ot 
elements from the usual position for high power objectives. Both 
low powers will function properly without ré ustment of tl 
condenser 
New Research Lamp Designed The d pment of the DDE M 
scope made is advisable to desigr new type of lamp, one parti 
dapted to research microscope v 
As result, the No 1815 Re 
Lamp has been produced by B 





S hntting yement t tl 
DDE Mict S ye 
This new lamp meets tw 
ments which few designs s 
one of utilizing the full 
the microscope condenser (up t 
Prmh—™ 140), and the other of tra 
sufficient light to make poss 
llumination of the spec 
ybservation. Adjustments a1 
ng devices re CONVE entl 
correct 1n every letail 





Wanted: Physicist or Physical Chemist for Instru- 


ment Development work. Must be well trained in In- 
organic Chemistry, Physics and Electricity. Knowledge 
of electrical measuring instruments desirable. 


Address reply Box M 


Instruments Publishing Co. 
1117 Wolfendale Street 


Pittsburgh, Pa. 
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New Model Wide Field Binocular 
Microscope 
(E. Leitz, Inc.) 


ted and introduced the low power 


HE Leitz Wort v1 I 
icroscope utilizing wide eyepleces Various improvements were 
in Cc ction ind the 


> 
s 


mn with this type of cor 


jually Gevelopec ( 
7 ] : 1 . 

st development in wi ld binocular microscopes manifests itself 

F 1 1 1 1 . Pt 

new instrument, namely, the binocular microscopes utilizing an auto 


] lo nhiective > 7 
multiple objective noseplece 
Pri rily t] y} he 
Primal througn the use 
{ 1 11 
) oculars of exceptionally 
, 
irge diameter, the wide heid 
14 
OMOocular roscope yields al 
, } 1 
>1 - 
extremely ye nhelc J} olfers 
iong working distance, wn 
it the me t ¢ pronounced 
stereoscopic hneid 1s rendere 
a4 : 1 
The new pt body su 
ry } t t 
plied with the aut c mu 
t ] } t 
i i U 4 ot it { { 
wap t I 
> 
its the use r J pal I 
1 


1a]. > 
reaauy eG 5 OV A n 
1 
nosepi1ec e and any or the set 
of 8 objectives can be inserted 


in their place. Thus it 


poOss1Dle to avoid the snort 
:, 

coming evident in many sim 

ilar types of instruments in 


that they are e1 
to the use of special 
limited number of 


or toa very mie 





Magnifications from 5-216x 
re re 11] \ 1 f The 


convenience ind ease With 
oe 1 . £3 
which this nosepiece functions 1s truly remMarkaDle. 
I 
The prism body, resembling in its general construction the body of the 
pes, is provided 


well-known series of ““Greenough-Leitz Binocular Microscoy 
f the wide field type 
I 


>pieces of 


with large ocular tubes to accomodate eye 

To this body is attached the automatic multt 

onsists of a strong cove! plate ind fastened theret« Yon its lower surface is a 

love-tailed track. On this track the objective carriage slides. The 
iages accomodates in a stationary 


recessed portion of the carria 
The part which p 


1 
] } » > >T > > Th 
le objective nosepiece. This 


> 


manner the 


rotrudes tow irds the 


ir of low power objectives IX. 
eo 
ect stage is equipped with 2 dove-tailed tracks for the accomodation of 
hing any 2 of 





two pairs of objectives. These receptacles permit attachi 
ll times the microscope 
Li time S the microscope Can 


tho 1] srip : red hice 1o 
the full series of paired objectives, so that at 


be equipped with 3 pairs of objectives 
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{ 
TI t i n whicn the pyect e€ Carriage es 1S proviat I, 
1 1 1 
; t ' t f+ ¢ 
tch When sliding the carriage back and forth to shift from 1 
' , 
+ +} ’ y 7 y ji Tt ) Y 
Lf I the Cal Je Spring ¢ yes tnese 1 ne The I sht h 
, j 
? 1 y ‘7 tf | + rp 
tne ective Carriage 1s equipped with pring handle and upon re 
, fe 1 : { j rn } 
: the ¢ lage automat ioves forward to again be arrest 
1 + + ] } | tive + + > 1 
xt notch, thus placing the second objective into the oj cent 
‘ ren + + lft trr ti thir tl > Th } 
vel | cedure repeats it I ne third ectlve ne { 
PR oe EE ERO ee ee Re ikea laninels ee 
motion of the objective Carriage 15S iCCOMpPlsnea In an 10entical 





that likewise in this way, each of the 3 objectives can successively 
within the optical center. With the rapid and exceedingly simple 1 
in which the shift from 1 objective to another is ccomplished, b by m 
the objective automatically within the optical cer 

\portant feature is offered, the convenience of which can readily b 


ciated through actual use of the 


croscope 





Through the rigid mounting means of which the objectives 
tached to the carriage and furthermore, the fact that when shifting tl 
ectives they are not touched by hand and not the least pressure 
exerted alignment of the optical system is thus gual nteed 

[he instrument is fi i variety of stands tailed be m 
if investigation both 11 fields and in educational studies 
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METALLURGICAL ANALYSIS 
Rapid ainete for the Chemical Analysis of Special Steels, Steel-Making Alloys & Gra 


¥ | 1920. Cloth, 552 pa $6.00 
iatatieaints daadenie N. Lord and D D t. 1924. ¢ 174 pages, $4.00 
Chemi al and Me talographekc Examination of “on Steel and lc W. Hall ar R 
12 ( Ol 1 $5.00 
Tec hnical oolonia of Ste el and Steel Works Materials. F. S 1923. Cloth, 543 $ 
Chemical Analysis of Iron. Andrew Blair, 1918. Cloth, 318 pag $5.00 
Metallurgical Analysis and Assaying. W. McLeod and C. Walker. 1903. Cloth, 318 pag $ 
Select Methods of Metallurgical Analysis. W. A. Naish & J. E. Clenne 1929, « i 
$7.50 


CALORIMETRY 
The Examination and Thermal Value Fuel: Gaseous, Liquid and Solid 


s LW 


The Modern C alorimeter. W. P. White. 1928. Clot 194 | $4.00 


SURVEYING 








Textbook on Surveying and Leveling. Threlfa 1920. Cloth, 663 | $7.00 
Surveying Manual. HH. Iv: 1914. Clot 296 pages, $2.25 
Technic of Surveying Instruments & Methods. W. Webb & J. 1 1917. Cloth, 319 
Manual of ae gE oe L. W. Trumbu 1910. Clo 2 pa $3.00 
Surveying Manual. Per 1 M. Ket 191 ». Clot ISS pag $2.50 
Surveyor’s Handbook lr. Ta t 1¢ 108. Clotl 8 pages, $2.50 
Geodetic Surveying and Adteatment of Observations. FE. Ingrat ( B89 | $ 
The Plane Table and Its Use in Surveying. W. Love 1908. ¢ pages, $1.00 
The Principles and Practice of Surveying. C. B. Breed & G. L. H ol. 1. I é 

1908. Flexible, 592 pages, $4.00. Vol. II. Higher Surv i 189 1 
Geodetic Surveying. FE. R. Car 1916. Cloth, 2 pages, $2.50 
The Effects of Errors in Surveying. Henry Briggs. 1912. Clot 179 pages, $4.00 
Treatise on Mine Surveying. Bennett B: h and H. De 1926. Cloth, 473 pages, $ 
The Elements of Astronomy for Surveyors. R. Chay n. 1922. Cloth, 251 pages, $2.7 
Field Methods in Petroleum Geology. G. Cox, C. Drake and G. Muilenburg. 1921 

) $4.00 
GEOPHYSICS 
Elements of Geophysics. R. A. B t ited by M ret ( b. 1928 ‘ t 37 2 
Elements of the Precision of Measurements and Ceoghpdeni Me thods. Goodwin. 19 
116 pages, $1.60 


Geophysical Prospecting. A. I. M. E. 1929. Cloth, 667 pages, $5.00 
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New Chemical Microscope 


(Spencer Lens Company) 


NHEMICAL microscopes have been found 
= following types of work: Identification of 
tances by micro-chemical tests or by determinations « 
inations of raw ma s and finished products in 


Vv >Y 
1OYS, Cid 


products, e¢ 
ind the 
composition os 


cannot 


which 
pound microscope 
recommended for 
volving studies re 
The stand 
standard 
lower enc 
quartz wedge 
slot is provided 
The instrument 
either a dustproof revolvin, 
a quick change centering ol 
The fine adjustment is 
bination lever and 
graduated for fractiona 
the shaft. The stage 
evolving type, 120 mm. in diameter with 
centering screws. he periphery is grad 
uated and can be read to three minutes 
It is easily removable for cleaning and for replacement | 1 cool 
ses. The mechanical stage is a new design wht ich 
It is easily attached and when detached leaves i 
It is built low so — t in revolving it passes under the objec 
piece when any one is in focus. This stage has a lateral excu 
1 to and from movement of 25 mm. _ The stage 
with verniers reading to 1/10 mm. There 
ovements on either side of the microscope, e: ula 
The substage is the fork-type which holds the substag 
lignment and permits convenient and rapid interchange of 
lenser and dark field illuminator. It is focusable by 
Means are provided by which the substage pa 
in the same way so that there may be no change in 
the other parts. Standard RMS adapters are 


A polarizer for parallel polarized light only vid 
m mounted in a graduated revolving mount with knur! 





I ! INSTRUMENTS 





t the suggestion of Drs. (¢ 





naralle] ] sroent nolarized Iiot } > latter heino nece rv fT 
Parallel ang convergent polarized lignt, tne itte eing necessary ft 
study of interference figures 1n crystals The Nicol prism in tts gt 
knurled mount can be easily removed without disturbing the cor 
| i | , 1 | | 
The condenser can be removed, leaving the polarizer in positior 
uppel liens of this condenser is Mounted on swinging stirrup Dy ke 
: : 2 
which it may be swung out of the optical axis, leaving the lower 
erve aS a iOnY rocus condenser. An Iris Giapnragm Dene ith the 
ser and Nico The whole assemblage goes into the substage fork it 
to assure that any readings iways designat n r pt 


The cap analyzer composed of a Glan- Thompson prism is mounted al 


eyepiece in a graduated housing which revolves 11 collar attached t 
upper end of the draw tube There is a stud t engage a siot 1n the 
tube so that the planes of vibration of the prisms will coincide w 
, - : ; 
cross Natrs 1n the eyepiece The p ne of vibdrat S Marked on the 
no 
g 
[his microscope was designed as a chemical microscope, but it « 
Oe 


1 
} 


uccessfully used as a metallurgic il microscope with, some slight 
: ‘ 


which can be easily made by the operator The regular stage and cor 


» Who > 104 ra] > \o ho hs hk . 
can be removed and auxiliary stages can be attached to the su stage 


they can be focused up and down. The specimen may be revolve 

vertical axis and moved laterally so that any point in the specimen 

moved through an area of 24” in diameter. For this work vertical 1 

tion will generally be necessary. All I all | r 


into the body tube between that and t 


1 1 1 , 
A new microscope lamp, with a standard voltage high power pt 
bulb and a pair of condensing lenses and an iris hragm, has 


ned and 3; > >nded > } h; nNict “Ane 
ped and is recommended for use with this microscope. 





THE specifying of instruments and devices fo! 

measurement, testing and control starts with en 

gineers, works managers, research engineers, test vi 

engineers, routine laboratories, consulting ki 
engineers, etc. 


INSTRUMENTS ' 


can assist you in locating both buyer and seller. a 











INSTRUMENTS 


New Measuring Instruments 
(Brown & Sharpe Mfg. Co.) 


An entirely new principl 
1 in the Micromete 


ometer Caliper No. 24. 
housandths of an inch is employed 

This tool, with a range of from 0 to 1” by ten-thousand 
usandth parts of an inch direct. 

y No. 24 the thousandths are read from 

ten-thousandths 


lings in t 
Note the widely 


to De estimated. 


h Micrometer Caliper 
nd thimble in the regular manner and the reac 
ch are read directly from the small lower thimbk 

-d graduations, which permit parts of ten-thousandth 


This new Micrometer Caliper 
conventional, one inch Micrometer. 
up to the object to be measured, merely turn t 


is used and operated in much the sat 
After the spindle 


} 


ught ne s 
intil the horizontal line on the barrel of the micrometer co 
The graduation on the small lower 


idded to the thous 


a 


sraduation on the main thimble. 
diate delle the tent} ae h tol 
le then tells the ten-thousandths of an inch to be 


hs reading. 
No. 24 is of simple construction, and has no gears or intricate pa 
f order. Very fine measurements are made with this too 


lly easy way. 


if 

















Micrometer Caliper No. 54. The No. 54 Micrometer 
large number of users of machinists tools, 

rahle 

LLJIt i 


| 
Gesil 


| find favor among a la 


ide range of measurements of No. 54 makes it 


ids of work. 
The tool is especially adapted for use in the automotive 
where its range, 0 to 4” by thousandths of an. inch, includes pra 


mobile parts requiring close measurement. Pistons, camvs 


it 
a 
} 


vrist-pins, crank-shaft bearings and pins, and many other 
1 T I~ 

uckly and accurately with No. 54. 

The four interchangeable anvils furnished with this tool 1 

eter caliper of moderate price which accomplishes 

tour Micrometers were formerly required 


No. 54 is furnished with ratchet stop and set of 3 standat 
2d. The tool is packed in a finished wooden « 


se ordered. 
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, 
» the 
ms On The 


The wide | 

venient for use in measuring holes of 
] ] 

is graduated each inch for three 


) 
nd rer ander ie LZ"! dinmeter 
ng remainder 1S x Qlameter. 




















Drill Point Gage and Depth Gage No. 617 is two t 
be used for checking the angles of drill points when grindin; 
determines whether the point is central; 0 
for finding the depths of holes as small 
bevels on the head are ground to 


64ths of an inch. A 6” rod, 5/64” 


ilso be furnished. No. 617 has a ra 


> - ct } 
metric m l esired. 


go Gages are 
The telescopi1 
inserted into the hol 
inserted into the \¢ 


to be measured where It ¢ 


y 


heads which are interchangeable 


No. 590 Telescoping Gages. No. 590 T pin 
5 nN 1 id] 


ot 


i 


to the exact size of the | 
turn of the knurled screw 
; ; 


il indle 








. | 1 
enc ICKS 


and t 
ind measured with a mi 
ach head 1S 

there are no parts 
e mislaid or lost. Mé 
‘Taces of the heads are 


lius. adapting 
raqgius, adGaf Ing 


rt 





use in measuring 


surfaces. 
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Photoelectric Spectrophotometer 


§ fees instrument, developed by American Photoelectric,Corporation 
nd built by Eimer and Amend, is designed for the accurate analysis 
itted, transmitted, or reflected radiation. Its sensitivity is such that 
be employed to measure accurately the relative intensity of individual 
in the spectrum. Its accuracy is within 0.1%. All,mea 
ade electrically, so that errors resulting from visual obse 
nated. 
e field of application of this instrument is not limited to the visible 
trum, for it can be used to make direct quantitative measurements in 
the regions of both the ultraviolet and the infrared. For measurements in 
jiferent regions of the spectrum different light sources and photoelectric 
alls are employed, as ht as different types of spectrometers, but the 
method of operation is the same, regardless of the spectral region in which 
nalysis is being made 


Regar dless of the kind of material to be examined, whether gaseous, 
liquid, or solid, whether tr: eieaieias, translucent, or opaque, the photo 
ric plsnhotomete employed will have as essen sl parts (1) a cat 
for the sample, (2) a light source operated by a storage battery, (3) a 
spectrometer to segregate the lines or bands of the desired wave lengths, (4) 
the case containing the photoelectric cell unit, electrical circuits, amplifiers, 
control panel, etc., (5) a galvanometer, and (6) a Wheatstone bridge, usually 
one of the Kohlrausch type. 


‘ig. 1 is a photoelectric spectrophotometer designed for making color 
nalyses of transparent substances in the visible spectrum. It consists 
essentially of (A) a modified Bausch and Lomb constant deviation spectro 
meter to which a light source has been attached; (B) a case containing the 
photoelectric devices, on the outside of which is provided an enclosed slide 
for the material to be examined; (C) a Leeds and Northrup bridge; and (D) 
a Leeds and Northrup galvanometer. The batteries that are required do 
not appear in the picture. 

Fig. 2 is a photoelectric spectrophotometer designed for making 
nalyses of opaque substances in the visible spectrum. It consists A) 

modified Hilger constant deviation spectrometer; (B) an opaque illumina 

r; (C) the case containing the photoelectric devices; (D) a Kohlrausch 
bridge, made by Leeds and Northrup; and (E) the same type of galvanometet 
as shown in Exhibit 1. 

Fi 1g. 3 isa photoelectric spectrophotometer designed f for the determina 
tion of the relative energy distribution in the ultraviolet. It consists of 
A) a modified Hilger quartz spectrometer; (B) the case conti Lining the photo 
electric devices; (C) a Kohlrausch bridge; and (D) a Leeds an | Northri up 

anometer. It is, of course, understood that when working in the ultra- 
violet, whether with trans sparent or opaque substances, that a lis ght ource 


is employed which is rich in ultraviolet rays, e.g. a quartz-mercury ar 


\» 


and that all parts of the instrument through which light passes are of quartz. 


*Patents Pending 





ible one to plot ar 
ired range of the 
Technical skill is not essential, and anyone, after a few minutes 
tion and ractice, ¢ in obtain CCUrale ( A complete set ol 
ments in the visible spectrum can be made in about five minutes, 11 
readings requiring from fifteen t 


Sample carriers and light sources are so constructed, and 
ire so modified, that the instrument may be operated in a 
which increases the facility and speed with which determinati 
made. In this connection, it should be noted that the light sou 


many diff 


encountered in other color anal 
| 


watts or more. For example, for transn m measurements the 


source in this instrument consumes but watts, and for reflect 


than 100 watts 


All determinations are 
light source, and it is not 
constant throughout a series of 


t 


measurement, because with this instrument measurements are inde] 


of gradual variations either in the light source or in the photoelect 
, 


Since the determinations are indepen 
the results may be expressed ina 


| 
spectral centroid, etc. 


+ 


At this time it might be mentioned that in the laboratories of A: 


Photoelectric Corporation two color analyses were made of the same 


of cottonseed oil using for the different analyses different apparati 
out; 1. e. different types of light source, different makes of spe 
bridges and galvanometers, and even ’ photoelect 
and yet the two color analyses were s 


variation at any point in the spectrum being less than 0.1%. 


In the field of physical research this instrument offers a means fot 


ling , lan +t} 


fundamental data on the characteristics of radiant energy and on tl! 


ture of matter. For example, by the accurate measurement of the 1 


1 | 
intensity of individual lines in the spectrum, it may be employ: 


differentiation of isotopes. 
This instrument already has found employment in many industt 
as those engaged in the manufacture or use of dyes, paints, textile 


nnon 


animal and vegetable oils and fats, petroleum products, glass, moving 


etc where accurate determin ition of color is Of Imp tance. It 1S Det 


to find applications in other industries where color can be used as 
index to accurate control of production when its measurement cat 
quickly, easily and exactly. 
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1 


ification of this instrument may be used 
measurement of the temperature of steels 
-atment, it being possible to detect a change 1 


legree Centigrade by this means 


larly, by still another modification of this instru 


sure sound. 
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Improved Hay’ 


(Hays Corporation) 


peen the 
features of design 
ruction demande 
combustion engineer 
oe 
ating et 
ie eng 
equipment. 
standard 


ing only 8 pounds cor 

1 measuring 15’ 

54"’ wide x 414 

In addition there 

spec il ranges avail 
lightly larger 
Fe: itures of the 


in 


\ 


al 
ind compact design 
7 | ] 
Heavy molded glass absorption pi ipettes which are attached 
molded hard rubber chemical bottles with soft rubber 
hnger compression nuts. 


Steel wool surface method of absorption of the gases being 
making it possible to come a COs reading in 30 seconds and 

1 . ~ 
inalysis for COs, Os and CO in from 4 to 5 minutes. 


Monel metal needle valves and easily renewable nickel 
seats instead of pinch cl. glass stop cocks. 
Molded hard rubber chemical bottles held in place by slid 


hic : ho or | > > > 14 “reuw on 
ying which can be raised after lo ysening the holding screw, 1 


disassembly of — entire instrument for cleaning with 
minutes time. All pes are accessible. Only a pair 


screw driver needed cman sletely disassemble the instrument 


Owing to the method of supporting tl -w glass parts in the 1 
case there is little danger of breakage. ll parts, however, are e 


renewable in the field. 


The instrument may be carried in any position without the 
f spilling or mixing the solutions. 


The leveling bottle and the aspirator and tubing are cl 


the case a con ipleti 10n of tests. When the do oe 
the tub 


iccessories are inside the carrying case, witl 


i 
on convenient reels that kinki ing is not possible. 
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New Micro-Indicator Tube for 


Precision Comparisons 
(R. Y. Ferner Co.) 
1 Societe Genevoise d'Instruments de Physique are offering a new 


rm of their micro-indicator tubes for use with the various types of 
rts they supply for the accurate checking of parts by comparison with 
rd gages or gage blocks. This new tube, shown in the illustration, 
fan shaped dial which gives a range 2!% times that of the cylindrical 


to! previously supplied 








These tubes have a knife-edge multiplication system, 
vatented feature of which is use of a yoke at the upper end of the 
lunger which passes about the fixed knife edge mounted in the 
rries the movable knife-edge with the edge pointed downward at 


1 


when in contact, against the rocking plate lying between the 2 | 
carries the pointer and is pulled against the up] 
2 edge by a helical spring which exerts a pull of only ! 
hen the contact plunger is raised, this rocking plate foll 
nife edge only as far as the range of movement of the 


yond which the knife edge can move a further amount to 


1 


give 

vel of the anvil of 0.03” which gives ample room for inserting the work 
piece under the anvil without injuring the latter by rolling or sliding fri 
A pair of levers is provided for attachment about the bottom of the 
tube to raise the anvil in this way. 


This construction of the knife e 


y try 


ty 


the knife edges when the plunger is raised instead « 
tion to the lower knife edge, relieves the knife ex 
effects of shocks on the contact plunger which would otherwise 


transmissl 


+ 

I 
, 
+t 


1 
es of he 


| 
knife edges. It is obvious that the knife edges must be very shat 


constant amplification throughout the whole travel of the pointer. 


With the fan-shaped dial an angular swing of the pointer of ove 
btained, which makes it possible to use a more open scale as well 
re srr 7 1 j 

greater range. With the multiplication of the system adjusted t 
tr 1 


io 2 scales are used, 1 having 60 divisions, each division 
4" wide and representing 0.0001” so that the range of 


| 
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eas the bx ve, each repre 
006.” With a multipli 

sed having 40 divisions each 

ind so gives a range of 0.02.” 


>d division lines of black cont 


light and resistant hard steel wire, th 

end consisting of 2 branches or legs for attachment to opposite side 
plate which lies | ie knife edges so that practically no deft 

of the pointer can ‘ lace and the device will work equally well wl 
the inclination of the instrument. At the Upp end the pointer 
tened out and made wider to give good visibility, and terminates ir 
point which permits very accurate asia The tip of the p 
coated with a bright red col wr for greater contrast. 

Two tolerance indexes, colored red, are adjustably mounted 
above the dial within a coves over the dial which can be readily 
for adjustment of f the indexes. The cover, however, protects the 
iccidental movement o1 Pa cover may be sealed to i sae intentior 
placement. W ith these tolerance marks set at the upper and lower: 
for any part being measured these indicators can be pee for rapid ins] 
of parts as well as for measurements of the highest precision. 


The contact or ae “ the lower end of the indicator has an extt 
hard flat anvil surface which has been lapped so that it is exactly 
dicular to the axis of le ore y bia anvil is 0.2” in diameter. 


Other types of anvils can be readily slip ped over this anvil 
firmly on it. One of these, which is regularly furnished with the 


os 


ment, is a new type of spherical contact point consisting of a hard st 


held in a holder consisting of two parts which screw together 
permits loosening the ball and turning it to another position if it | 


ae 


lla ened With Wear’: OT 1 Dall, W ich 1S 7 mm in Glameter, Can Del 
flatt 1 witl the ball, whicl 1 t | 


replaced when too badly worn for further use. 


Other oo ef anvils which can be supplied as extras include an opt 
flat anvil of 10 mm (13/32”) diametet which can be slipped over the 
the plunger in place of the spherical contact point; also a hinged 
of 30 mm (1,;%”) diameter suitable for checking the true running 
screws of a lathe or of a worm screw or of a threaded part in proce 
third anvil, hinged like the previous one, has a flat surface of 20 mm (25 

r and is specially suit: ible for measuring the thickness of papet 
, cloth, and very thin aluminum and si milar sheets. A fourth 
is of the rocking type, having a lever about 21%” long pivoted at its 
ind mounted on a holder for attachment « aot the lower end of the t 
with one end of the lever bearing against the spherical contact point 
in place on the tube and the other end fitted with a hardened anvil s 
on its upper side to permit taking measurements against the under su 
or internal surface of a workpiece. 


The cylindrical part of the micro-indicator has an outside dian 
30 mm (1.1811”) and a total length, including the space required f 
lifting levers, of 274” which is reduced to 314” when the lifting lev: 
used. The downw: aid pressure of the spring which holds the plu 
contact with the object being measured is 300 grams (about 101% oz 


” 
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incorporated in the 
Bausch & Lomb equip- 
ment, such as all-metal 
camera back, long bear- 
ing and smooth moving 
camera supports, perma- 
nent alignment, the Ob- 
servation Eyepiece for 
easily locating the speci- 
men and focusing, make 

this new model ideal 


J for exacting photo- 


y micrographic work. 


Bausch & Lomb 
Optical Company 
637 St. Paul Street 
Rochester, N. Y. 


PHOTOMICROGRAPHIC 
EQUIPMENT 


Catalog on 
Photomicrographic 
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ESTON instruments—particularly the 3!,” di- 

ameter panel models—are in daily use by a large 
number of manufacturers of radio, therapeutic and 
general electrical equipment, who carry stocks of se- 
lected ranges constantly on hand, both for mounting 
on their products and for maintenance and inspection 
testing. Communicate with our nearest sales office for 
full particulars, ranges and prices. 


WESTON ELECTRICAL 
INSTRUMENT CORP. IONEERS 


: INCE 1688 
591 Frelinghuysen Ave 


Newark, N. J. 
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SPENCER Chemical 
: Microscope 
No. 38 

A pronounced Example of a Micro- 
scope built for a definite purpose under 
the careful direction of two men emi- 
nently fitted to wisely guide in its con- 
struction:- Dr. E. M. Chamot and Dr. 
C. W. Mason of the Laboratory of 
Chemical Microscopy, Department 
Chemistry Cornell University. 

Its presents a number of important 
improvements in Construction and 
Manipulating Convenience. 

Catalog M-39 features it. 


SPENCER LENS COMPANY 


Manufacturers 
Microscopes, Microtomes, Delineoscopes, Re 


fractometers, Colorimeters, Spectrometer Etc. Ftc, 


ieee : ? SPENCER? 
BUFFALO, N. Y. aa 


USA 


New York, Boston, Chicago, San Francisco, Washington 
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SCHOPPER 


Precision Testing Machines 


“STANDARD THE WORLD OVER” 


For Testing ALL MATERIALS 


Abrasion Hardness 
Absorption Humidity 
Bending strength Impact strength 
Bursting strength Moisture content 
Density Permanent set 
Detrition Porosity 
Elasticity Shock 
Elongation Speed 

Expansion Fensile steength 
Fatigue Phickness 
Folding endurance lorsion resistance 
Freeness Weight 


Write for Descriptive Literature 


H. Z. SCHNIEWIND 


72 Duane Street New York, N. Y. 


Sole Agent U.S. A. and Canada 











SEDERAY., 


Comparators Fabric Gauges 
Amplifying Gauges Rubber Gauges 
Thickness Gauges Tap Comparator Gauges 
Depth Gauges Gear Toote Comparators 
Thread Lead Gauges Cutter Testing Gauges 
Pitch Diameter Gauges Internal and External 
Cylinder Gauges Grinding Gauges 
Paper Gauges 


Federal Products Corporation 


Providence, R. I. 
WESTERN BRANCH; 7338 WOODWARD AVE., DETROIT, MICH 











PRECISION INSTRUMENTS for 
AUTOMOTIVE LABORATORIES 
AIR FLOW INDICATORS 
FUEL FLOW INDICATORS 
SLOW MOTION STUDY EQUIPMENT 
MULTI CYLINDER ENGINE INDICATORS 
COMMERCIAL ENGINEERING LABORATORIES 


Vakers of Fine Instruments 
1612 WOODWARD AVENUE DETROIT, MICHIGAN 
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“SCIENTIA” 
CALORIMETERS 


Specific Heat of Solids and Liquids. 
Cooling Calorimeter. 
Bunsen Ice Calorimeter. 
Mechanical Equivalent of Heat. 
Gas Calorimeter Fuel Calorimeter. 


Send for Catalog C-2 


The Caertner Scientific Corp. 


‘ 
: 7. 7 ' . gy 
Water-Jacketed Calorimeter 1201 Wrightwood Avenue, Chicag>», Illinois 








MODEL DM 


STANDCO MEGOHMER 


A Siemens & Halske Product 
For insulation resistance measurements 
self contained D.C. generator 
THE INSTRUMENTS FOR WHICH MANY 
HAVE BEEN WAITING 
Please write for Bulletin No. 170 
HERMAN H. STICHT & CO. 


21 Park Row New York, N. Y. 








You Have Always Wanted 


A HANDY ADDING MACI 


The Gem is very simple to o] 

d unfailingly accurate. It weighs 
lbs. and measures 2” x 3” x 4” Over 
250,000 sold since 1904 
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If not pleased aft 


\ Mia a me trial, y i ale R% ek | 
AUTOMATIC ADDING 
GUARANTEED MACHINE COMPANY 


Send for Your Gem NOW) 634 West 24th Street, New York, N.Y. 














Strain Tester for Glass Products 
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FRANZ SCHMIDT & HAENSCH 


Write for literature to 


Sole Distributors 
AKATOS, INC. 
Engineering Building 


114-118 Liberty Street 
NEW YORK CITY 
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MAGNETISM 
tandard of Electromagnetic Induction. P. kK 


A New Variable S 
December 192 


Electromagnetic Testing for Mechanical Flaws in Steel Wire Ropes. T. | 
Electr Ey . yo ‘ $99-9] 


South Yorkshire 
The Measurement of Magnetic Quantities. | 
4 pages 213-242 
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Permeameters for Measurements Over Wide Temperature Ranges. G 


1929, pag 1-104 


Precision Permeability Measurements on Straight Bars and Strips in the Regiot 
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Electrical Measuring Instruments 


for use at communication frequencies (0 to several million cycles per second) 





Frequency Standards - Tube and Tuning Fork Oscillators - Resistance Boxes 
Bridges - Calibrated Inductors - Variable Air Condensers - Voltage Dividers 
Attenuation Networks - String Oscillograph - Thermionic and Oxide- 
Rectifier Voltmeters - Accessories: Rheostats, Transformers, Relays, etc. 


_ GENERAL RADIO COMPANY 


Manufacturers of Electrical Measuring Apparatus 
for Laboratory and Industrial Use 


CAMBRIDGE A, MASSACHUSETTS 























T ‘ T ‘ > T%7 
RUBICON COMPANY 
Makers of 
Precision Electrical Measuring Instruments 
Resistance Boxes — Wheatstone and Kelvin Bridges 
Galvanometers Potentiometers Magnetometers 
Permeameters—Standards of Resistance. Inductance 
and ( apacitance 
Special Measuring and Control Apparatus 
29 North Sixth Street Philadelphia, Pa. 





tory. 


1 Tungsten and moly- ( High Vacuum labora S High frequency appa S 


bdenum wire and rods ratus. Bombarding ma- 


Special neon and gas 
filled tubes for television, 
radio receiving and luminous tubes, high ten ing high frequency appa 
sion indicators, talking 
pictures, stroboscopes, 
ultra-voilet and infra-red 
lamps, lead-in wire, high lamps. tungsten spark gaps. 
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transmitting tubes, in ratus. Quenched tung 
candescent and arc sten spark gaps. Open 
temperature electric fur- KH photo-electric cells. High voltage condensers. 
naces, special resistances, KH recording lamps. Special transformers 
etc., also fine wire draw- Equipment for high made to order. High 


ing, high vacuum pumps- vacuum laboratories, =n | temperature furnaces, 


‘ tubes and incandescent 
mercury or oil. 


~~ factories. 
ARGCO LABORATORIES, INC. 


\ 150 WEST 22nd ST. NEW YORK, N. Y. 
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The The Davey Dynamic The 
Vibroscope Balancing Equipment Davey Vibrometer 
\ portable stroboscops \ ports einstrument for balar \ sensitive trument 
serving mecnar 
in motion 


ELECTROCON CORPORATION 6 Varick St., New York 
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mounted on cards, and filed in your desk or in a file box on top of your desk. You w 


have within easy reach an index of instrument information of incalculable valu: 
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